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FART I .
THE MEASDREMSNT OF SILICA ACTIVITIES IN LIQUID SLAGS 
BÎ THE REACTION SIQ3 + 3C = SIC * 200.
CHAPTER 1 .
INTRODUCTION.
In  th e  manufacture of iro n  in  th e  b la s t  fu rnace one o f  th e  
most im portant v a r ia b le s  in  th e  co cp o sitio n  of th e  iro n  produced i s  th e  
s i l ic o n  co n ten t. S ilic o n  must be kept as low as p o ss ib le  in  th e  
m anufacture o f b as ic  i ro n  in  o rder to  reduce th e  s lag  bulk i n  th e  open 
h ea rth  furnace* I t  must a lso  be kept to  f a i r l y  low l im its  in  making 
iro n  fo r  th e  b as ic  Bessemer p ro cess , bu t in  th e  ac id  Bessemer process 
th e  rev e rse  i s  t r u e ,  since here s i l ic o n  la rg e ly  determ ines th e  h ea t 
produced in  blowing th e  iron# S ilic o n  co n tro l i s  a lso  im portant in  
th e  m anufacture o f foundry iro n  as i t  has a  major in flu en ce  on th e  
s tru c tu re  of th e  c a s t  product#
The main re a c tio n s  c o n tro ll in g  th e  com position of p ig  iro n  in  
th e  b la s t  furnace take  p lace  in  th e  h e a rth , where drops o f molten iro n  
f a l l  through th e  s lag  la y e r  in to  the  bath  below, and in  so doing re a c t  
w ith  i t#  ^  study  o f th e  e q u i l ib r ia  between s la g s  and m etals o f th e  
type ob tained  in  th e  b la s t  fu rnace i s  th e re fo re  necessary  i f  th e  f a c to rs  
c o n tro ll in g  p ig  iro n  com position a re  to  be f u l ly  understood#
S u ff ic ie n t thermodynamic data  a re  now a v a ila b le  f o r  th e  conpounds 
tak in g  p a r t  i n  th ese  re a c tio n s  to  enable equ ilib rium  co n stan ts  fo r  th e  
various re a c tio n s  to  be ca lcu la ted#  These equ ilib rium  co n stan ts  
in d ic a te  q u a l i ta t iv e ly  th e  e f f e c t  which d i f f e r e n t  v a r ia b le s  w i l l  have 
on th e  e q u i l ib r ia ,  but a  q u a n ti ta t iv e  trea tm en t i s  only p o ss ib le  i f  
th e  a c t i v i t i e s  o f  a l l  th e  re a c ta n ts  in  th e  s la g  and m etal so lu tio n s  
a re  known#
z .
In  th e  case o f some simple systems a c t iv i t i e s  can be estim ated  
or c a lc u la te d  on th e  b a s is  o f thermochemical d a ta , bu t in  th e  g re a t 
m ajo rity  o f cases they  must be measured experim entally# U sually  th i s  
i s  done by b ring ing  th e  phase being examined in to  equ ilib rium  w ith  a 
phase or phases o f known thermo<^T»amic p ro p e rtie s#
The p re sen t work i s  concerned mainly w ith  th e  measurement of 
s i l i c a  a c t iv i t i e s  in  l im e - s i l ic a  and lim e-a lu m in a -s ilic a  slags# In  
P a r t I  th e  method adopted was to  measure th e  carbon monoxide p re ssu re  
in  equ ilib rium  w ith th e  s la g , s i l ic o n  ca rb id e  and carbon# In  P a r t  I I  
th e  c a lc u la tio n  o f s i l i c a  a c t i v i t i e s  from d a ta  av a ila b le  on la b o ra to ry  
slag -m eta l equ ilib rium  measurements has been in v estig a ted #
CHAPTER 2 .
REVIEW OF PREVI008 WORK.
3*
The methods employed by previous workers to  determ ine s i l i c a  
a c t i v i t i e s  in  molten s lag s  can be d iv ided  in to  fou r main ca teg o rie s» -
(1) C alcu la tions based on thermodynamic d a ta , phase diagrams and 
models o f th e  s tru c tu re  o f l iq u id  s i l ic a te s *
(2 ) % ectro -m otive fo rc e  measurements*
( 3) S lag-gas e q u ilib r ia *
(4) S lag-m etal e q u ilib r ia #
These w il l  now be considered  in  more d e ta il#
(1 ) C a lcu la tio n s based on Thermodynamic D ata, e tc *
A c tiv i t ie s  a t  some p o in ts  in  b in ary  s la g  systmns can be c a lc u la te d  
p re c is e ly  provided th e  fo llow ing  data are  a v a ila b le : -
(a) th e  h ea ts  o f form ation  o f compounds in  th e  system^
(b) th e  h ea t c a p a c itie s  o f  th e  co n s titu e n ts  and th e i r  compounds 
in  th e  s o l id  and l iq u id  s ta te s  ^
(c) th e  hea ts and tem peratures o f fusion*
U nfortunately  th ese  d a ta  a re  known ac cu ra te ly  fo r  a  very  few 
systems on ly , but th i s  method has been used by Darken(l) and ly  
fiicbardson(2) fo r  th e  CaO-SiQa system ,fo r which some o f th e  above d ata  
were av a ilab le#
The o ther methods of c a lc u la tio n  which fo llow  a re  of e i th e r
an em pirica l or sem i-em pirical nature#
4 .
E arly  exam ination o f s la g  systems was concerned mainly w ith  th e  
determ ination  o f phase diagrams* In  try in g  to  apply th e  data  thus acqu ired  
to  re a c tio n s  invo lv ing  l iq u id  s la g s , compounds s ta b le  in  th e  s o l id  s la g  
were p o s tu la te d  to  e x is t  a lso  in  th e  l iq u id  slag* c o rre c t choice of
compounds and in  some cases by th e  assunp tion  o f some degree o f d is s o c ia tio n  
o f  th ese  compounds in  th e  l iq u id  s t a t e ,  an  a t te u p t  was made to  es tim a te  
th e  amount or co n cen tra tio n  o f a c o n s titu e n t which would be " free"  to  
tak e  p a r t  in  a chemical reac tion*  TMs q u a n tity  bears some r e la t io n  
to  th e  more exact thermodynamic fu n c tio n  o f th e  a c t iv i ty  o f th e  conponent* 
The compound approach to  th e  study o f l iq u id  s la g s  can only  be 
e n p ir ic a l  and approximate due to  th e  d iffe re n ce s  in  s tru c tu re  between 
s o lid  and l iq u id  s la g s ,  and th e  d i f f i c u l ty  o f  knowing how compound 
d is s o c ia tio n  i s  a f fe c te d  by o ther c o n s titu e n ts  and by tem perature* 
N evertheless i t s  use has given r e s u l t s  o f co n s id erab le  p r a c t ic a l  im portance, 
as in  th e  e a rly  work of Schenck(S) i n  e s tim a tin g  "free"  concen tra tions 
o f  re a c ta n ts  in  steelm aking s la g s ,  and in  th e  in te rp r e ta t io n  of th e  
sulphur equ ilib rium  between m etal and s la g  in  terms o f "excess base" by 
Grant and Chipman(4)* This method i s  now m ainly u se fu l in  d ea lin g  w ith 
th e  complex s lag s  used in  p ra c t ic e , and i s  l ik e ly  to  be rep laced  by 
more exact thermodynamic methods as these  a re  extended*
In  c a lc u la tin g  " fre e "  concen tra tions o f r e a c ta n ts ,  Schenck assumed 
th a t  the  compounds p re se n t in  th e  s o lid  s ta te  were p a r t i a l ly  d is so c ia te d  
in  th e  l iq u id  s ta te*  This concept was a lso  used by W hite(5) in  i n t e r ­
p re tin g  oxygen p ressu re  measurements on iro n  oxide slags con ta in ing  
lim e and s i l ic a *  Subsequently Murray and lJh ite(6 ) deduced th e
5#
a c t iv i t i e s  of lim e and s i l i c a  in  CaO-SiO^ m elts from d is s o c ia tio n  
co n s tan ts  fo r  th e  compounds GaO#&i% and 2GaO*8i% obtained  from White’ s 
p rev ious work# Although th i s  i s  no t an exact thermodynamic trea tm en t, 
i t  does appear to  p re d ic t  f a i r l y  a c c u ra te ly  th e  in te ra c t io n  o f lim e 
and s i l i c a  in  th e  l iq u id  s ta te #
Rey(7) c a lc u la te d  th e  a c t iv i ty  of s i l i c a  in  a  number of b in ary  
m etal c z id e - s i l ic a  systems (in c lu d in g  th e  CaO-SiQa system ), making use 
o f  th e  shape o f th e  s i l i c a  s a tu ra t io n  curve (o r low ering o f th e  fre e z in g  
p o in t)  a t  h igh s i l i c a  a c t i v i t i e s  and assuming th e  so lu tio n  to  be "regu lar", 
The concept o f th e  " reg u la r  so lu tio n "  was in troduced  by H ildehrand(8), 
and Im plies th a t  the  mixing o f m olecules o r io n s i s  com pletely random# 
However, accu ra te  data  compiled by E ichardson(2) o r the  CaO-BsQj system 
suggests th a t  th e  assum ption o f r e g u la r i ty  fo r  m elts o f th i s  type may 
le a d  to  considerab le  e r ro rs  i n  th e  c a lc u la tio n  o f a c t iv i t ie s #
Id e a lly  i t  would be d e s ira b le  to  be ab le  to  c a lc u la te  a c t i v i t i e s  
o f c o n s titu e n ts  in  l iq u id  s la g s  on th e  b a s is  o f some model o f th e  
s tru c tu re  of th e  liq u id ^  C onductiv ity  and e lec tro -m o tive  fo rc e  measure- 
$ ment 8 have rev ea led  th a t  l iq u id  slags co n ta in  io n s , and various attem pts 
have been made to  c a lc u la te  a c t i v i t i e s  u sin g  some io n ic  model of s lag  
s tru c tu re#
Herasymenko(9) and Herasymenko and S peigh t(10) assumed th e  
complete io n is a tio n  o f l iq u id  s lag s  and made use o f th e  mass a c tio n  
equation  by rep la c in g  a c t i v i t i e s  by io n ic  frac tio n s*  io n ic
6#
f r a c t io n  o f  a c o n s titu e n t io n  vas taken as th e  r a t i o  o f th e  number o f  
gmrions o f th a t  type to  th e  t o t a l  number o f  gmrions present*  This 
assum ption would seem to  be an o v e r - s in p l i f ic a t io n , as i t  im p lies th a t  
ions o f d if fe re n t signs mix randomly, whereas a s t a te  of lower f r e e  energy 
would be reached i f  io n s  o f opposite  charge a sso c ia ted  p r e f e r e n t ia l ly  w ith 
each other* In  consequence th i s  trea tm en t cannot be used s a t i s f a c to r i ly  
fo r  a wide v a r ie ty  of slag -m eta l reac tions#
Tem kin(ll) a ls o  assumed th e  conp lete  io n is a tio n  o f  l iq u id  s la g s , 
but he expressed io n ic  concen tra tions as f ra c t io n s  o f the  number o f gm-ions 
o f th e  same sign* This allow s fo r  th e  p r e f e r e n t ia l  a s so c ia tio n  o f 
ca tio n s  and an ions, bu t assumes th a t  th i s  a s so c ia tio n  i s  random#
Flood, F/<>land and G rjotheim (l2) have a tte n p te d  to  ta k e  in to  
account d iffe ren ces  in  in te ra c t io n  energ ies between d if fe re n t  io n ic  species 
in  th e  m e lt, w hile s t i l l  assuming th a t  th e  ca tio n s  (and s im ila r ly  th e  
anions) a re  randomly d is t r ib u te d  w ith  re s p e c t to  themselves# This method 
has been su c cessfu lly  employed in  in te rp re t in g  a number o f  e q u i l ib r ia  
invo lv ing  b asic  slags* However, i t  re q u ire s  a  knowledge of th e  io n ic  
species p resen t in  th e  m e lt, and so i t s  a p p lic a tio n  to  more h ig h ly  
s il ic e o u s  s la g s , where th e  s t a t e  of a s so c ia tio n  o f s i l i c a  i s  no t 
d e f in i te ly  known, i s  l ik e ly  to  prove more d i f f ic u l t*
(2 ) E lectro-M otive Force Measurements*
In  o rder to  measure th e  a c t iv i ty  o f  s i l i c a  in  a l iq u id  m elt by 
th i s  method i t  i s  necessary  to  s e t  up a r e v e rs ib le  c e l l  in  which a
known re a c tio n , invo lv ing  th e  s i l i c a  d isso lv ed  in  th e  s la g , tak es  place#
7.
Chang and Derg9(l3) used e lec tro d es  o f  s i l i c o n  carb ide and g rap h ite  (th e  
l a t t e r  forming th e  c ru c ib le )  to  co n s tru c t a c e l l  o f th is  type* The c e l l  
r e a c tio n  was not known, and had to  be in fe r re d  from an exam ination o f th e  
E*M#F. values obtained* The r e s u l t s  ob ta ined  in  th e  l im e - s i l ic a  b inary  
appear f e a s ib le ,  but th e  i s o - a c t iv i ty  curves in  th e  CaO-SiQg-AlgQj 
do no t slope in  th e  d ire c tio n  expected from th e  p o s it io n  o f th e  s i l i c a  
s a tu ra t io n  curve (which i s  the  i s o - a c t iv i ty  curve fo r  = l)*
( 3) Slag-Gas B ctuilibria*
The use of s lag -g as  e q u i l ib r ia  fo r  th e  measurement o f s la g  
a c t i v i t i e s  i s  a t t r a c t iv e  because o f the  thermodynamic s im p lic ity  o f  th e  
gas phase* Due to  th i s  advantage th e  r e s u l t s  a re  more e a s ily  in te rp re te d  
than  a re  data  on e q u i l ib r ia  w ith complex m e ta llic  so lu tions*
U nfortunately  i t  i s  d i f f i c u l t  to  apply th i s  technique d i r e c t ly  
to  th e  determ ination  o f s i l i c a  a c t iv i t i e s  due to  th e  d i f f i c u l ty  o f 
dev ising  su ita b le  reac tio n s*  I t  i s  p o ss ib le  to  overcome th i s  d i f f i c u l ty  
in  th e  case of some b inary  s i l i c a t e  m elts by determ ining th e  a c t iv i ty  of 
th e  second component and u sin g  th e  Gibbs-Duhem r e la t io n  to  determ ine th e  
a c t iv i ty  o f s il ic a *
The a c t iv i ty  of FeO in  s lag s  can be determined by b rin g in g  th e  
s la g s  in to  equilib rium  w ith  gas m ixtures o f  c o n tro lle d  oxygen p re ssu re  
w hile th e  s la g s  a re  h e ld  i n  a c ru c ib le  w ith  a known iro n  a c tiv i ty *  This 
method has been su c c e ss fu lly  app lied  to  FeO-SiOg slags by Schuhmann 
and E n s io ( l4 ) , and to  more complex slags by M chel and Schuhmann(l5) and 
Taylor and Chipman(l6), and some of th ese  r e s u l t s  may be used to  deduce
8*
\
s i l i c a  a c t i v i t i e s  in  h i^ -F eO  slags#
R esu lts  of more d ir e c t  in te r e s t  to  th e  p resen t work have been 
obtained  from determ inations o f lim a a c t iv i t ie s #  In  re c e n t s tu d ie s  by 
Fincham and R ichardson(l7) and C arte r and M acfarlane(l8) th e  slag -g as  
technique has been used to  determ ine th e  sulphur capac ity  o f  s la g s .  The 
equ ilib rium  e s ta b lish e d  can be expressed by th e  equation  %
(CaO) + ^  = (CaS) + ^  ........................ ................ ( l )
(round brackets in d ic a te  so lu tio n  in  th e  s la g  phase)#
The a c t iv i ty  c o e f f ic ie n t  of calcium su lph ide was no t known over 
th e  wide range o f com positions examined, but i f  i t  i s  assumed to  be 
constan t a t  concen tra tions w ell below s a tu ra t io n , th e  r e s u l t s  ob ta ined  
can be used to  c a lc u la te  l im e -a c t iv i t ie s  in  l im e - s i l ic a  slags# S i l ic a  
a c t i v i t i e s  may then be ob tained  by th e  Gibbs-Duhem re la tio n #  R esu lts  
o b ta in ed (l9 ) in  th e  CaO-Alg Q3-SiCfe system can a lso  y ie ld  approximate values 
o f agj^Q  ^ in  th ese  s la g s  by means o f th e  Gibbs-Duhem r e la t io n  i f  th e  
a c t iv i ty  o f alumina i s  assumed to  be co n s tan t along l in e s  o f con stan t
(4 ) Slag-M etal E q u ilib ria#
Chipman and co-workers (20) (21) have determined experim entally  
th e  s i l ic o n  conten ts o f ca rb o n -sa tu ra ted  iro n  in  equ ilib rium  w ith  CaO- 
Ali3% -8iQ3 s lag s  a t  tem peratures from 1425-1700% according to  th e  
r e a c tio n
(SiQa) + 2 0  = 8 i + 200    (z)
(u n d erlin in g  in d ic a te s  so lu tio n  in  th e  m etal p h ase).
9#
The carbon monoxide p re ssu re  under which th e  experiments were c a r r ie d  
out was 1 atmosphere# glow re a c tio n  r a t e  was in c reased  by th e  use
o f a g rap h ite  s t i r r e r ,  bu t d e sp ite  th i s  th e  equ ilib rium  cooq^ositions 
could no t be e s ta b lish e d  w ith  g rea t accuracy a t  th e  lower tenp era tu res#  
From th ese  r e s u l t s ,  s i l i c a  a c t i v i t i e s  in  th e  s la g  can be 
c a lc u la te d  provid ing  only th a t  th e  s i l ic o n  a c t iv i ty  in  th e  m etal i s  
known# In  th e  second of th e  two p ap ers , F u lton  and Chipman c a r r ie d  out 
th i s  c a lc u la tio n  u sing  th e  data o f Chipman, F u lto n , Cokcen and Caskie(22) 
on th e  a c t iv i ty  o f s i l ic o n  in  Fe-Si-C alloys#  These data were ob ta ined  
by measurements o f s i l ic o n  d is t r ib u t io n  between im m iscible Fe-Si-C and 
Ag-Si liq u id s#  E x trap o la tio n  o f  th ese  d a ta  (e sp e c ia lly  a t  th e  low- 
s i l ic o n  high-carbon end) was necessary  to  cover a l l  th e  com positions 
req u ired  fo r  s la g  a c t iv i ty  c a lc u la tio n s , bu t re c e n t s tu d ie s  o f  s i l ic o n  
a c t iv i t i e s  in  th i s  range of com positions by A rthu r(23) in d ic a te d  th a t  th e  
ex trap o la te d  values of ag^ used by Fu lton  and Dhipuian in  th i s  range were 
l ik e ly  to  be low#
Sanbongi and 0htan l(24) have combined th e  slag -m eta l and s la g -  
gas techniques by studying th e  red u c tio n  o f s i l i c a  i n  a  s la g  by hydrogen 
in  th e  presence o f i ro n , according  to  th e  reac tio n » -
(SiQa) + 2% = 8 i + 2%0 ###J............................. (3)
By using  a lim e c ru c ib le  theequ ilib rium  was e s ta b lish e d  fo r  th e  case o f 
a CaO-SiQa s la g  sa tu ra te d  w ith  Ca^SiO^# In  th e  c a lc u la tio n  o f s i l i c a
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a c t iv i ty  in  t h i s  slagSahbongi and OhtanL. used th e i r  own values fo r  a^^ in  
F e-S i a l le y s ,  which were derived  in  a  s im ila r  way h u t u sing  a pure s i l i c a  
crucib le*  They found th a t  th e  a c t iv i ty  of s i l ic o n  obeyed Henry’ s Law 
up to  10 p er cen t s i l i c o n ,  a f in d in g  which i s  co n tra ry  to  th a t  o f Chipman, 
P u lto n , Gokcen and Caskie(22)#
Summary.
Although a considerab le  amount o f work has been done on th e  
a c t iv i ty  o f  s i l i c a  in  th e  l im e - s i l ic a  system , th e  r e s u l t s  ob tained  a re  
open to  some doubt due to  the  assumptions which have had to  be made in  
most cases* More accu ra te  d a ta  i s  thus necessary, e s p e c ia lly  a t  th e  
more b asic  conpositions* In  th e  more conplex systems ob ta ined  in  p ra c t ic e ,  
th e  approximate e f fe c ts  o f th e  ad d itio n  o f o th e r oxides a re  known bu t 
accu ra te  d a ta  s u ita b le  fo r  c a lc u la tio n s  i s  no t y e t  a v a ila b le .
E quilibrium  of S lags w ith  S ilic o n  C arbide.
In  th e  ccurse o f  th e i r  slag-m eta l s tu d ie s , Chipman and co-workers 
(20) , ( 21) ,  noted th e  f a c t  th a t  a t  high s i l i c a  con ten ts  s i l i c o n  carb id e  
became s ta b le ,  c o -e x is tin g  w ith the  s la g  and m etal according to  th e  
e q u i l ib r ia .
(81% ) + 30 = 810 + 200  (4 )
. (81% ) + 2 0  = ^  + 200  (a)
^  + 0 = 810  ( 5)
The a c tu a l s la g  conposition  in  equ ilib rium  w ith  s i l ic o n  ca rb id e , 
carbon and 1 atmosphere p re ssu re  o f  carbon monoxide was determ ined
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experim entally  i n  only  one s e r ie s  o f runs a t  1600%. At o th e r te n p e r-  
•a tu re s  th e  s i l ic o n  carb ide  s a tu ra tio n  p o in t was ob tained  from previous 
determ inations(22) o f  th e  equ ilib rium  s i l ic o n  conten t fo r  re a c tio n  ( s ) .  
S lag i n  equilib rium  w ith  t h i s  m etal com position must a ls o  be sa tu ra te d  
w ith s i l ic o n  carbide#
As f a r  as th e  w rite r  knows, no work has been done on th e  e q u ilib -  
•rium  cond itions fo r  re a c tio n  (4) a t  p re ssu re s  o ther than  1 atmosphere#
CHAPTER 3 .
THE si-c-0 sisam
(a) T heoretical»
12.
( l )  Free Energy Data.
In  th e  p re sen t work i t  was considered th a t  s i l i c a  a c t i v i t i e s  in  
liTçiid s lag s  could be determ ined ac cu ra te ly  by measuring th e  carbon 
monoxide p ressu re  of the  reac tio n » -
(8 i% )g^^g  + 3C = SiC + 200  . ( l )
I f  t h i s  were th e  only re a c tio n  p o ss ib le  between the  s la g , carbon, and 
s i l ic o n  carb id e , i t  would be p o ss ib le  to  measure th e  re a c tio n  p re ssu re  
by ho ld ing  th ese  th re e  re a c ta n ts  in  a g rap h ite  or s i l ic o n  ca rb id e  c ru c ib le , 
and h ea tin g  th i s  c ru c ib le  in s id e  a p res su r e - t i ^ t  re a c tio n  v e sse l 
connected to  a  manometer.
This s in p le  system i s ,  however, com plicated by th e  f a c t  th a t  
gaseous s i l ic o n  monoxide can be produced in  i t  by the two re a c tio n s» -
(Si% )giag+ c = 810(g) + 00  (2)
SIC + CO = 810(g) + 20  (3)
I f  th e  re a c ta n ts  were h e ld  i n  an open c ru c ib le , s i l ic o n  monoxide gas would 
be ab le  to  d iffu se  ra p id ly  away from th e  re a c tio n  zone and condense on 
th e  coo ler p a r ts  o f  th e  re a c tio n  v e s se l. The s i l ic o n  monoxide p ressu re  
above th e  re a c tn a ts  would thus always be lower th an  th a t  in  equ ilib rium  
a t  th e  p rev a ilin g  carbon monoxide p ressu re  according to  re a c tio n s  (2) and
( 3) .  R eactions(2) and (3) would th e re fo re  proceed ftom l e f t  to  r ig h t  
in  order to  r e s to re  eq u ilib riu m , and carbon monoxide would be evolved 
and absorbed a t  r a te s  depending on th e  r e la t iv e  re a c tio n  r a te s  of ( 2) and
( 3) .  The e f fe c t  o f th e  d if fu s io n  and condensation o f gaseous s i l ic o n  
monoxide must thus be to  s e t  up a dynamic equ ilib rium .
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True equilib rium  can only be a t ta in e d  in  th i s  system i f  the  
re a c t io n  v esse l i s  enclosed and a t  a  tem perature above th a t  a t  which 
s i l i c o n  monoxide gas can condense. I t  i s  no t experim entally  p o ss ib le  to  
measure th e  p ressu re  in  such a  system , and the  method used in  t h i s  work 
was to  hold  th e  re a c ta n ts  i n  a small c y l in d r ic a l  g rap h ite  c ru c ib le  whose 
mouth was closed  by a g rap h ite  p lug . This p lug  contained  a sm all c a p i l la ry  
h o le , which was la rg e  enough to  allow  e q u a lisa tio n  o f th e  t o t a l  p ressu res  
in s id e  and o u ts id e  th e  c ru c ib le , but sm all enough to  reduce s i l ic o n  
monoxide d if fu s io n  to  a le v e l s u f f ic ie n t ly  low to  p reven t th e  s i l i c o n  
monoxide p ressu re  f a l l in g  apprec iab ly  below th a t  i n  equ ilib rium  in  th e  
s t a t i c  system.
Since th e  thermodynamic data  on the  re a c ta n ts  i n  e q u a tio n ( l)  
appeared to  be w ell e s ta b lish e d , i t  was considered when th e  work was 
begun th a t  th e  a c t iv i ty  o f s i l i c a  in  a s lag  could be ob tained  d i r e c t ly  
from th e  value o f ^  (= as c a lc u la te d  from th e se  d a ta , when
th e  value  o f  PcO had been measured#
Using th e  method o u tlin ed  above re a c tio n  p ressu res  wore d e te r -  
trained fo r  a s e r ie s  o f GaO-SiO^ s la g s  of com positions extending up to  
s i l i c a  s a tu ra tio n  in  th e  te n ^ e ra tu re  range 1450-1550%# The r e s u l t s  
ob ta ined  were not com pletely c o n s is te n t, b u t th ey  in d ic a te d  th a t  th e  
r e a c tio n  p ressu res  were much lower than  would be p red ic ted  from th e  
a v a ila b le  thermodynamic data fo r  r e a c t io n ( l ) .  For example, the values o f  
PCO Toi* a s i l i c a  sa tu ra te d  s la g  a t  1500% were i n  th e  range o f 0 .7  -  0.9 
aim ospheres, con^ared w ith  th e  c a lc u la te d  values o f 1 .50  atm. I t  was
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th e re fo re  considered necessary  to  ca rry  ou t a f u l l  th e o re t ic a l  study 
o f th e  sim ple SSL-C-0 system, w ith  sp e c ia l re fe re n c e  to  th e  experim ental 
cond itions used in  the  s lag  experim ents, under which d if fu s io n  o f gaseous 
s i l ic o n  monoxide away from th e  re a c tio n  zone i s  r e s t r i c te d .  The Si-C-0 
system was a lso  s tu d ied  experim entally  befo re  experim ents w ith  s lag s  
were resumed.
In  studying  th e  re a c tio n s  from a th e o re t ic a l  view point a  know- 
» ledge o f th e  p o ss ib le  compounds which may be s ta b le  i s  necessary . Under 
th e  extrem ely reducing experim ental cond itions th e  only gases i n  th e  
Si-C-0 system idiich a re  l ik e ly  to  be p re se n t in  apprec iab le  q u a n ti t ie s  
a re  carbon monoxide and s i l ic o n  monoxide. The only s o l id  compounds 
d e f in i te ly  known to  be s ta b le  a re  s i l i c a  and s i l ic o n  ca rb id e , bu t in  
a d d itio n  various workers claim  to  have e s ta b lish e d  th e  ex is ten c e  o f 
c ry s ta l l in e  s i l ic o n  monoxide, s ta b le  only a t  h igh  tem peratu res, and o f 
various silicon-carbon-oxygen compounds such as s ilc x ic o n  (SisCgO).
From the  thermocÿnamic data  a v a ila b le  fo r  th e  compounds known to  
be s ta b le ,  re a c tio n  p ressu res  can be c a lc u la te d  under various co n d itio n s .
As i t  w il l  be necessary  to  compare the  experim ental r e s u l t s  w ith  those 
obtained  by c a lc u la tio n , th e  thermodynamic data  a v a ila b le  fo r  th e  cocpounds 
s i l i c a ,  s i l ic o n  ca rb id e , carbon monoxide and gaseous s i l ic o n  monoxide 
w il l  now be reviewed. For c a lc u la tio n  purposes th e  most convenient 
thermodynamic fu n c tio n  fo r  th e se  compounds i s  th e i r  f re e  energy o f  
fo rm ation . Since th is  f r e e  energy can be eiQjressed to  th e  re q u ire d  
degree of p re c is io n  by an equation  o f th e  form»-
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A  Cr® =  X + y .T
(where T i s  th e  t^ n p e ra tu re  in  ®K), th e  r e s u l t  o f o ther workers w i l l  
a l l  be expressed in  th i s  form.
S i l ic a .
ftm phrey, Todd, Coughlin and King(25) have c a lc u la te d  th e  f re e  
energ ies o f form ation  of quartz  and l iq u id  s i l i c a  form th e  h ea t o f 
form ation , as  determ ined by Humphrey and King(26) and from entropy 
data  compiled by K elley (27 ). T heir ta b u la te d  r e s u l t s  le ad  to  th e  
fo llow ing equations fo r  th e  f r e e  energy o f  form ation of **hi^" ( ^ )  
q u a r tz :-
S i(c )  + % = SiQa {,S quartz)
AG® = -207,700 + 4 0 7  T (848®K -  1E83®K)
The hea t of fu s io n  o f s i l ic o n  was determ ined by Korber and 
01sen(2d) to  be 11,100 cal./gm .m ole, so t h a t ,  as  s i l ic o n  m elts a t  
1683®K, th e  f te e  energy o f fu s io n  A g® = 11,100 -  6.59 T.
I t  follow s th a t  f c r t -  
S i ( l )  + Qs = SiQj (^  quartz)
AG® = -218,800 + 47.3 T (1683®K -  1883®K).
The f r e e  energy o f  form ation o f c r i s to b a l i t e  from l iq u id  
s i l ic o n  and oxygen has been c a lc u la te d  by Gokcen and Chipman(29), again  
u sin g  th e  data of Humphrey and King(26) and K elley(2 7 ), g iv ing  fo r  th e  
system»-
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S i( l )  + 0»  = SiQa ( ^  c r i s to b a l i te )
A G® = -217,700 + 47 .0  T (1683-2000®K)
From th e  f te e  energy o f fu s io n  of s i l ic o n  given above»-  
Si(C) + Qj = SiQj ( j i  c r i s to b a l i te )
A G® = -206,600 + 40.4  T.
Examination of these  equations shovrs th a t  up to  3,700®K th e  
c a lc u la te d  f re e  energy of form ation fo r  ^  quartz  i s  always more negative  
than  th a t  ca lcu la te d  fo r  ^  c r i s to b a l i t e .  Since c r i s to b a l i te  i s  th e  
most s ta b le  form of s i l i c a  above 1470%, th e  equations must be in  
e r ro r .  Both ca lcu la tio n s  have been checked and found to  be c o r re c t ,  
so th a t  th e  e r ro r  must l i e  in  th e  experim ental da ta  on which th ey  a re  
based. The hea t of tran sfo rm atio n , oC quartz  oc c r i s to b a l i t e ,  
was found to  be +930 c a l .  a t  298®K by Humphrey and K ing(26), and th i s
value must be about 400 c a l .  too h igh , or e ls e  the  hea t con ten t data
should in d ic a te  a la rg e r  d iffe ren ce  in  entropy between quartz  and 
c r i s to b a l i t e .
Due to  the in a b i l i t y  o f th e  p re sen t d a ta  to  d i f f e r e n t ia te  s a t i s -  
t f a c to r i ly  between th e  d if fe re n t  forms of s i l i c a ,  th e  equation  fo r  
^  quartz  has been used in  subsequent c a lc u la tio n s  fo r  a l l  forms o f 
s i l i c a .  Being the  more negative of th e  two, i t  should be c lo s e r  to  
th e  t r u e  c r i s to b a l i te  equation  than  i s  th e  c a lc u la te d  ji c r i s to b a l i te  
l in e .
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S ilic o n  Carbide^
Humphrey, Todd, Coughlin and King(25) have determ ined A ^^298^  
fo r  both cubic and hexagonal s i l ic o n  ca rb id e  by combustion i n  oxygen.
The s i l ic o n  carb ide  was mixed w ith  titan iu m  powder p r io r  to  ig n i t io n  in  
o rder to  ensure conp lete  combustion. They have a lso  determ ined th e  high 
and low tem perature h ea t c a p a c itie s  fo r  both  v a r ie t i e s .  The h ea ts  o f 
form ation obtained were# -  
S i + C = SiC (H ex.m odification I l ) t  = -12,310+920 c a l .p e r  mole.
S i + C = SiC (cubic) # A % g8.16 “  -13,400+920 c a l .p e r  mole.
These values a re  considerab ly  lower th an  those  rep o rted  by previous w orkers. 
The low te n p e ra tu re  h ea t c a p a c itie s  showed e x c e lle n t agreement w ith th e  
values ob tained  by ^ e lley (3 0 ) f o r  the  hexagonal m o d ifica tio n , and th e  
h igh  tem perature hea t c a p a c itie s  a re  a lso  in  good agreement w ith  previous 
determ inations ( 27 ) .
Humphrey e t .a l(2 5 )  have c a lc u la te d  th e  f re e  energy o f form ation  of 
s i l ic o n  carb ide  from th e i r  experim ental d a ta . There i s  a  sm all d if fe re n c e  
between the  values ob tained  fo r  th e  cubic and hexagonal m o d ifica tio n , 
but fo r  genera l purposes a mean value may be tak en , v i z . ,
81(C) + C = SiC » Û G° = -13,300 + 1 .71 T. (900-1683%)
81(1) + C = SIC « Û.G“ = -2 4 ,4 0 0  * 8.3 X (1683-2000%)
The f re e  energy of form ation of s i l ic o n  carb ide ob ta ined  in  th is
way from thermochemical da ta  agrees very  w ell w ith  measurements made by 
Chipman, F u lton , Gokcen and Caskey(22) o f th e  a c t iv i ty  of s i l i c o n  in  
Fe-Si-C a llo y s  sa tu ra te d  w ith  g rap h ite  and s i l ic o n  ca rb id e . The data
o f Humphrey e t  a l (2 5 ) , th e re fo re  seemed to  be w ell e s ta b lish e d  when 
the  p re se n t work was begun.
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Carbon Monoxide*
The f re e  energy of form ation  of carbon monoxide i s  now e s ta b lish e d  
a c cu ra te ly  by a number o f workers* The N ational Bureau o f Standards 
“S e lec ted  Values o f  Thermodunamic P ro p e r tie s” recommends the equation» -  
C + |C i  -  CO ( AG° = -28,100 -  20.2 T
S ilic o n  Monoxide*
The ex isten ce  o f gaseous s i l ic o n  monoxide has now been f irm ly  
e s ta b lish e d  spectroscop ically#  Since i t  i s  formed from s i l i c a  a t  h igh 
te n ^ e ra tu re s  under reducing co n d itio n s , i t  i s  bound to  be p re sen t under 
th e  experim ental co nd itions e x is tin g  in  th e  p re sen t work*
The p o s s ib i l i ty  of in te rfe re n c e  in  th e  measurement o f th e  carbon 
monoxide p ressu re  of th e  re a c tio n » -
SiQ; + 3C = 810 + 2CÔ     (4)
due to  d if fu s io n  of s i l ic o n  monoxide has a lread y  been o u tlin e d , and 
w il l  be d e a lt  w ith  in  g re a te r  d e ta i l  a t  a l a t e r  stage* In  a d d itio n  to  
th i s  e f f e c t ,  th e  presence of gaseous s i l ic o n  monoxide must in c re ase  the  
measured re a c tio n  p ressu re  from ÿqQ to  {)C0 + tSiO> &nd hence a knowledge 
o f  th e  thermodynamic data  fo r  s i l ic o n  monoxide gas i s  necessary  i n  order 
to  o b ta in  the  values of th e  carbon monoxide p ressu res  from th e  measured 
re a c tio n  pressures*  A knowledge of the thermodynamic p ro p e r tie s  o f 
s o l id  s i l ic o n  monoxide i s  a lso  d e s ira b le , s in c e  i f  s o l id  s i l ic o n  monoxide 
were s ta b le  under th e  experim ental co n d itio n s , th e  presence of a  fo u rth  
s o l id  phase in  th e  Si-C-0 system would ren d er e i th e r  s i l i c a  o r s i l ic o n  
ca rb id e  u n stab le  and le a d  to  a d if fe re n t  equ ilib rium  from th a t  expressed 
by equation  (4)*
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Gaseous s i l ic o n  monoxide i s  most commonHy produced by th e  red u c tio n  
o f s i l i c a  e i th e r  by carbon or by s i l ic o n  a t  tem peratures over about 1200°C#
The vapour may be condensed on a c h i l le d  su rface  to  form a b lack  v itre o u s  
substance which has been shown by Z -ray a n a ly s is  and e le c tro n  d i f f r a c t io n  
to  be p r a c t ic a l ly  amorphous, w ith  only a l im ite d  amount o f sh o r t range 
o rd er. I f  the  condensation o f th e  vapour i s  le s s  ra p id  a m ixture o f very 
f in e ly  d iv ided  s i l i c a  and s i l ic o n  i s  formed. The amorphous substance 
produced by ra p id  c h i l l in g  of th e  vapour, qu ick ly  breaks down to  a  m ixture 
o f s i l ic o n  and s i l i c a  when annealed in  the  range o f 400-10CX)®0‘ (approxim ately) 
S o lid  s i l ic o n  monoxide i s  thus thermodynamic a l ly  u n stab le  w ith  r e j e c t  to  
s i l ic o n  and s i l i c a  a t  th e se  tem peratu res.
^here i s  some evidence, however, th a t  c r y s ta l l in e  s i l ic o n  monoxide 
does beccxne s ta b le  a t  h igher tem peratu res. The most convincing support 
fo r  th e  h i ^  tem perature s t a b i l i t y  o f s o l id  s i l ic o n  monoxide was ob ta ined  
by Brewer and Edwards (31) by means o f a " th e rm o elec tric  v a lv e”. This 
was based on th e  observations o f Gel* d and Kochnev(32) and Erasmus and 
Persson(3S) th a t  s o lid  SiO has a very high e l e c t r i c a l  r e s is ta n c e . A 
h ea tin g  element c o n s is tin g  of an equim olecular m ixture o f s i l ic o n  and 
s i l i c a  in  a quartz  g la ss  tube was heated  by applying a f ix e d  v o ltag e  
across the  ends. At a c e r ta in  p o in t the r e s is ta n c e  o f th e  rod  ro se  
sh arp ly  and a b r i ^ t  boundary la y e r  was formed which extended across th e  
narrow est c ro ss -se c tio n  o f th e  ro d . The tem perature o f  th e  boundary 
was found to  be 1461 ^  22®K. The b r ig h t boundary la y e r  was in te rp re te d  
as th e  p o in t a t  which s o lid  SiO was being formed due to  in c re a se  in  
tem peratu re , and then  d isp roportdonating  aga in  due to  th e  drop in
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c u rren t consequent on th e  in c rease  in  r e s is ta n c e  of the  ro d .
In  a d d itio n  to  t h i s .  P o t te r (34) and Brewer and Edwards(31) have 
both t r i e d  to  m elt equim olecular m ixtures o f s i l ic o n  and v itre o u s  s i l i c a ,  
and have found th a t  th e  so ften in g  p o in t i s  above 1700% -  h igher th an  would 
be expected fo r  th e  m ix ture.
D espite t h i s  p h y s ic a l evidence fo r  i t s  form ation , s o l id  s i l ic o n  
monoxide has no t y e t been d e f in i te ly  id e n t i f ie d  s tru c tu ra lly *  Brewer 
and Edwards (31) attem pted to  o b ta in  i t  by quenching an S i + SiO^ m ixture 
from 1300* but found no evidence of i t s  presence* ^h is  has been 
confirmed by experim ents c a r r ie d  ou t in  conjunction  w ith  th e  p re se n t 
work(35)* A m ixture of mole r a t io  Sl/SlQa = 1 /3  showed no d im inution  
in  in te n s i ty  o f s i l ic o n  Z -ray  l in e s  a f te r  quenching from 1350% , and no 
evidence of a decrease in  p a r t ic le  s iz e  was observed. Such a decrease 
might be expected i f  the  s i l ic o n  had been produced by th e  s o l id  reac tio n » -
2Si0( so lid )  = S i + SiC^ ........................................(s )
Hoch and Johnstone(36) claim ed to  have d e tec ted  c r y s ta l l in e  s i l ic o n  
monoxide by high te n p e ra tu re  Z -ray  camera* However, G e lle r and Thurmond 
(37) have suggested th a t  th e  new l in e s  ob ta ined  by Hoch and Johnstone 
were due to  - c r i s to b a l i t e  and fi s i l ic o n  ca rb id e .
The question  o f th e  ex is ten ce  of s o l id  s i l ic o n  monoxide i s  o f  
im portance in  e s ta b lish in g  th e  thermodynamic p ro p e r tie s  of gaseous SiO 
from th e  experim ental data  availab le*  Several determ inations have been 
made (32)^38)^39)^of th e  SiO p ressu res  above m ixtures o f s i l ic o n  and 
s i l i c a .  I f  th e  r e s u l t s  o f Brewer and Edwards* th e rm o e lec tric  va lve  
experim ents a re  accep ted , then  th e  values o f p$iO ob ta ined  above 1460*K
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should r e f e r  to  the  vapour p ressu re  of s o l id  SiO, w hile those measured 
below th is  tem perature should r e f e r  to  th e  re a c tio n » -
S i + SiQa = 2SiO(g) ........................ I ...............   ( 6)
^he most accu ra te  measurements o f fo r  t h i s  l a t t e r  r e a c tio n
appear to  be those o f Schafer and Hornl©(38)* As shown by Humphrey e t  
al{25) th e i r  r e s u l t s  i n  th e  tem perature range 1336-1429*K give very 
c o n s is te n t values o f ÛH*298.16 ^or r e a c t io n  ( 6) .  Brewer and Edwards(31) 
consider th a t  th e  la rg e r  apparent e r ro r  i n  A ^^298.16 ob tained  from th e i r  
measurement a t  1460% i s  due to  th e  s t a b i l i t y  o f s o l id  SiO a t  th i s  
tem perature.
The f r e e  energy o f form ation o f gaseous s i l ic o n  monoxide has been
c a lc u la te d  from hea t o f form ation data derived  ftom Schafer and Hbrnle* s
r e s u l t s ,  and from entropy values derived from spectroscop ic  d a ta  given
by Herzberg(40) and th e  ta b u la te d  data  o f  K elley (27). The fo llow ing
equations were obtained»-
81(C) + 3Q3 = 810(g) > = -25,100 -  17.97 T (1200-1683%)
81(1) + = 810(g) j  A G® = -36,340 -  11.30 T. O  1683%)
These equations agree w ell w ith  th e  values c a lc u la te d  i n  a s im ila r
way by Humphrey, Todd, Coughlin and K ing(25).
Brewer and Edwards (3 l)  have reviewed the  o th e r experim ental s tu d ie s
monoxide
from which A 2^298*16 th e  form ation o f  gaseous s i l ic o iy c a n  be obtained. 
Confirm ation o f th e  value ob tained from Schafer and Hornle* s measurement 
i s  ob tained from th e  work o f Brewer andM astick (4 l)  on th e  re a c tio n  
SiQj = SiO(g) + and from some o f  Tombs and Welch* s(39) data  on th e
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re a c tio n  SiCb + % = SiO (g) + IfeO* G el'd  and Kochnev* s(32) measurements 
o f  p3iQ , over s i l ic o n  and s i l i c a  y ie ld  a r a th e r  lower value o f A  ^ ^298*16
as do Grube and Speidel* s in v e s tig a tio n s  of th e  r e a c t io n  SiQa + %  =
SiO(g) + % 0 .
Brewer and Edwards(3l) have a lso  attem pted  to  c a lc u la te  th e  f re e  
energy of form ation o f s o l id  s i l ic o n  monoxide. Using mainly d a ta  on 
th e  amorphous s o l id  they  conclude th a t  A  G* fo r  th e  re a c tio n
S i + SiCb = 2SiO(s) ..................................... . . . ( 5 )
i s  l ik e ly  to  become s l i ^ t l y  negative  a t  h i^ i  tem pera tu res . Due to  th e  
low accuracy of th e  data  on which th e  c a lc u la tio n  i s  based, th i s  
conclusion  i s  only te n ta t iv e .
(2 ) R eaction P ressu res .
The above thermodynamic d a ta  w ill  now be used to  c a lc u la te  
th e  equ ilib rium  re a c tio n  p ressu res  in  th e  Si-C -0 system .
(a) The R eaction SiOb + 3C = SiC + 2C0 . . . . . . . . . . . . . . . ( 4 )
Ry combining th e  f re e  energ ies of form ation  o f th e  r e a c ta n ts ,
f o r  th i s  re a c tio n  amy be ob ta ined , v i z . .
A G®4 = 137,900 -  79.4 I  
S ince = R T lo g e
log^o E& = 17.35 -
#  Û and r e f e r  to  th e  standard  f re e  energy change and
eq u ilib rium  co n stan t f o r  th e  re a c tio n  numbered (x) i n  th e  t e x t .
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where th e  s o lid  re a c tâ n ts  a re  p resen t in  t h e i r  standard  s ta te s  
Eg, = Pco*^ th e  carbon monoxide p re ssu re  o f th e  r e a c t io n  can be c a lc u la te d  
fo r  d if f e re n t  tem peratures* The v alues ob ta ined  i n  th e  range 1300-1600*0 
a re  shown in  Table I*
TABLE I .
C alcu lated  values o f pqq i u  eq u ilib riu m  
w ith  SiQs, SiC and G.
PQO(atnU ) T®C P(jo(atm. )
1300 0.124 1500 1.503
1350 0.246 1550 2.564
1400 0.466
1600 4.256
1450 0.849
(b) The R eaction SiQa + C = SiO(g) + C O .............. . . . . . • • • . ( 7 )
The equ ilib rium  constan t fo r  th i s  r e a c t io n  can be c a lc u la te d  by 
a s im ila r  p rocess to  g ive*-
AG*? = 154,360 -  78.8 T 
lo g  B, -  17.22 -  2 M 5 2
whero B? = Pg^o % Pgo
The c a lc u la te d  value o f  E? from 1300-1600*0 a re  shown in  
Table I I .
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TABLE I I .
C alcu lated  values o f  p q .^  x i n  equ ilib rium  
w ith SiO^ and G.
T% ^(PSiCFPCo) T% ^(PsiO ^C O ^
1300 5,90 X 10”“ 1500 1 .55  x  10~^
1350 2.63 X 10“* 1550 5.32 x  10"^
1400 1.12 X 1 0 ^  1600 1.62 x  lO"^
1450 4.26 X 10"^
Ry s u b s t i tu t in g  th e  values o f  p^Q given in  Table I ,  th e  value 
o f  Pg^Q in  equ ilib rium  w ith  81% , SiC and C may be calcu lated*  The 
values ob ta ined  a re  shown in  Table III*
TABLE I I I .
C alcu lated  values o f  p_._ in  equ ilib rium  w ith  
SiCb, SiC aSSr C.
1300 4.76 X lO '*  1500 1.03 x  10"3
1350 1.07 X 10"® 1550 2 .0 0  x  10*^
1400 2 .40  X 10"® 1600 3.81 x  lO"®
1450 5.02 X 10"%
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I f  complete equ ilib rium  i s  e s ta b lish e d  in  th e  system SiOb,  SiC 
Op. g as , the  t o t a l  gas p ressu re  should be equal to  Pqq +
( 3 ) E ffe c t o f S ilic o n  Monoxide D iffu sion  on th e  R eaction P ressu res .
(a) S i l ic a  and Carbon.
In  th e  absence of s i l ic o n  carb ide th e  carbon monoxide p re ssu re  o f  
th i s  system should be c o n tro lle d  by th e  value o f Pgj^ Q in  th e  system , the  
product Pgj_Q X Pqq being given in  Table I I .  I f  th e  r e a c tio n  system i s  
no t com pletely enclosed th e  s i l ic o n  monoxide w il l  tend  to  d if fu s e  ou t of 
th e  system , and as Pg^Q f a l l s ,  Pqq w i l l  r i s e  correspond ing ly . The r a t e  
a t  which th e  p ressu re  r i s e s  w ill  d ^ e n d  on th e  r a te  a t  which pg^o 
f a l l  by d iffu s io n .
At values o f Pqq below th e  equ ilib rium  values fo r  th e  re a c tio n » -
SiOb + 30 = 810 + 200  (4 )
some of th e  s i l ic o n  monoxide formed by re a c tio n  (?) may be consumed by 
th e  re a c tio n » -
810(g) + 20 = 810 + 00  ( 3O
Thus, in  th i s  range of p re s su re s , gaseous s i l i c o n  monoxide may a c t  as  
an in te rm ed ia te  s tep  in  th e  p roduction  o f s i l i c o n  ca rb id e . At values 
o f  Pqq above th a t  fo r  re a c tio n  (4 ) ,  s i l ic o n  ca rb id e  i s  u n s ta b le , and 
gaseous s i l ic o n  monoxide should be th e  on ly  red u c tio n  product o f  s i l i c a  
(assuming fo r  th e  p resen t th a t  no o ther in te rm ed ia te  compounds e x i s t ) .
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(b) S ilic o n  C arbide.
S im ilar conclusions a re  obtained  when s i l ic o n  carb ide  i s  p re sen t 
a lone . At carbon monoxide p re ssu re s  above those  fo r  r e a c tio n  (4 ) ,  th e  
n e t r e a c t io n  is » -
810 + 200 = SlQa + 30  (4!)
which may tak e  p lace  in  th e  two s tep s» -
SIC + CO = 810(g) + 20 ' ...................................................... ( 3)
810(g) + 00 = 81Q) + 0   (7")
In  a d d itio n  some gaseous s i l i c o n  monoxide must escape from th e  re a c tio n  
zone by d if fu s io n  befo re  conversion to  s i l i c a  and carbon.
At lower carbon monoxide p ressu res  s i l i c a  i s  u n s ta b le  and gaseous 
s i l ic o n  monoxide should be th e  only product o f th e  r e a c tio n  between 
s i l ic o n  carb ide  and carbon monoxide. I f  th i s  gaseous s i l i c o n  monoxide 
can escape from th e  re a c tio n  zone and condense in  a co lder p a r t  o f th e  
system, th e  r a t io  Pg^Q/P(jo ~ % can only be m aintained constan t by th e  
ab so rp tio n  of more carbon monoxide in  th e  p roduction  o f gaseous s i l ic o n  
monoxide. The n e t e f f e c t  should th u s be a gradual f a l l  i n  th e  value of
PCO * PsiO Pqo “  PSiO*
(c) S i l ic a .  S ilic o n  Carbide and Carbon.
As shown in  paragraphs (a) and (b ) , i f  s i l i c a  and carbon only 
a re  p re sen t the  value o f Pqq may d r i f t  above th a t  fo r  re a c tio n  (4 ) ,  while 
i f  s i l ic o n  carb ide alone i s  p re se n t i t  may d r i f t  slowly below i t .
In  th e  case where a l l  th re e  a re  p resen t to g e th e r , i t  must be 
assumed th a t  d if fu s io n  of gaseous s i l ic o n  monoxide to  th e  co lder a reas
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of the  system w il l  reduce th e  value o f  p _ to  s l ig h t ly  below th a t  ino iu
equ ilib rium  w ith  th e  th re e  s o l id s .  In  an a t te n p t  to  reach  th e  equ ilib rium  
value o f  Pgj^Q two re a c tio n s  w il l  tak e  p la c e , v i z . ,
SiCb + c = 810(g) ♦ CO  .( 7 )
and 810 + GO = 810(g) + 20 . . . . . . • . * . ( 3 ) .
I f  th e  o r ig in a l  carbon monoxide p ressu re  was th a t  i n  equ ilib rium  according 
to  th e  r e a c tio n
81% + 30 = 810 + 200 ..................................... (4)
and I f  re a c tio n s  (7) and (3) took p lace  a t  equal r a t e s ,  then  th e  value  
o f Pqq would remain constan t no m atter how much Pgj^Q f e l l  below th e  
equ ilib rium  value due to  d if fu s io n , s ince  carbon monoxide would be evolved 
and absorbed in  equal amounts in  an a ttem pt to  r e s to r e  the s i l ic o n  
monoxide equilibrium #
A wide d iffe ren ce  between th e  r e a c tio n  r a te s  o f (7) and (3) would 
cause some d ev ia tio n  from th e  equ ilib rium  value of Pqq f o r  re a c tio n  (4 ) .
^h is  e f f e c t  should be s l i g h t ,  however, s in ce  Pg^o very  sm all (as i s  
shown in  Table H I ) .  In  consequence only  a sm all amount o f re a c tio n  i s  
p o s s ib le , and th e  amounts o f carbon monoxide being evolved by re a c tio n  (7) 
and absorbed by re a c tio n  (S) must be sm all. In  the experim ental 
measurement o f the  re a c tio n  p ressu res  o f r e a c t io n  (4 ) ,  any e r ro r  due to  
t h i s  e f f e c t  can be reduced or e lim ina ted  by reducing  th e  d if fu s io n  o f 
s i l ic o n  monoxide from th e  re a c tio n  zone, and by in c reas in g  th e  re a c tio n  
r a te s  o f  (7) and (3) (for example by improving co n tac t between th e  p a r t i c le s ) .
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In  th e  p resen t experim ents d if fu s io n  has been c u t down by carry in g  
out th e  re a c tio n s  in  a g rap h ite  c ru c ib le  com pletely enclosed except fo r  a 
f in e  c a p i l la ry . The re a c tio n  p ressu res  observed should th u s approach th e  
equ ilib rium  values o f Pqq + Pgj^ Q very c lo se ly . I f  no o th er s o l id  phases 
a re  s ta b le  under th e  experim ental co n d itio n s , th e  simple p re s s u re / 
ten^era tu re /com position  diagram shown i n  F i g . l  should be ob ta ined .
4 . E ffe c t o f E xistence of Another S o lid  Compound.
The p o ss ib le  ex is ten ce  of some s o lid  compound o th e r than  Si%  and 
SiC in  th e  Si-C-0 system was noted e a r l i e r .  No s t r u c tu r a l  or thermo­
dynamic d ata  i s  a v a ila b le  fo r  any such compound, but i t  i s  p o ss ib le  th a t  
some compound which breaks down on coo ling  to  a m ixture con ta in ing  s i l i c a ,  
s i l ic o n  carb ide  and carbon may have remained undetected  by X -ray examin- 
Ia tio n .
As was shown p rev io u s ly , the thermodynamic data a v a ila b le  fo r s i l ic o n  
monoxide in d ic a te s  th a t  A G* fo r  th e  reac tion»  -
S i + 8 i%  = 2SiO(s) . • • . • . . . • * . . . . . ( 5 )
may become s l ig h t ly  nega tive  a t  h igh tem pera tu res . I f  th i s  i s  th e  case 
th e  vapour p ressu re  o f s o l id  s i l ic o n  monoxide should be s l ig h t ly  le s s  
than  th e  s i l ic o n  monoxide p ressu re  fo r  th e  re a c tio n
81 + SiCb = 2810(g) ................................................(6)
since the s ta b le  co n fig u ra tio n  should have th e  lower vapour p re ssu re . 
C alcu lated  values of pg^o ^or re a c tio n  (6) a re  shown in  Table IV.
CO
T " c
F ig . l .
Simple p ressu re /tem pera tu re  diagram fo r  Si-C-0 system 
i f  SiQa and SiC a re  the only s ta b le  s o lid  compounds*
'CO
F ig .2 .
Type o f p ressu re /tem p era tu re  diagreoa proposed 
by Brunner(43) .
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TABLE 17.
C alcu lated  values o f  in  equ ilib rium
w ith  SiQa and S i .
T®G P s io ( a ^ - )
1400 1.14 X 10"3
1450 2.88 X IQ-a
1500 4.68 X 10"3
1650 8.13 X 10"»
1600 1.38 X 10-1
As can be seen by comparison w ith  Table I I I  th e se  p ressu res  a re  
some th re e  to  four tim es h igher than  the  s i l ic o n  monoxide p ressu res  
c a lc u la te d  to  be in  eq u ilib riu m  w ith  s i l i c a ,  carbon, and s i l ic o n  ca rb id e . 
Thus, due to  th e  com paratively h igher s t a b i l i t y  o f s i l ic o n  ca rb id e , s o l id  
s i l ic o n  monoxide i s  u n lik e ly  to  be s ta b le  i n  th e  presence o f carbon.
Brunner(43) has in v e s tig a te d  re a c tio n  p ressu res  in  th e  Si-C-0 
system. The r e s u l t s  ob ta ined  w il l  be d iscussed  q u a n ti ta t iv e ly  l a t e r .
The type o f diagram proposed to  ex p la in  th e  r e s u l t s  i s  shown in  
F ig .2 . A compound s ilo x ic o n  (SloCgO) was s a id  to  be s ta b le  a t  tem per- 
• a tu re s  above T± (l560°C). The ex isten ce  o f another s o lid  phase reduces 
th e  number of degrees of freedom from one to  none, th a t  i s ,  th e  4 s o l id  
phases can c o e x is t a t  only one tem perature and p ressu re  Tj. and p i ) .  Above 
Ti a m ixture o f s i l i c a ,  s i l ic o n  ca rb ide  and carbon becomes u n stab le  and.
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i n  th e  presence o f excess carbon, e i th e r  s i l i c a  o r s i l ic o n  ca rb id e  must 
d isappear. By s u ita b le  v a r ia t io n  o f th e  i n i t i a l  com position o f the  
m ixture i t  should be p o ss ib le  to  o b ta in  th e  re a c tio n  p ressu res  fo r  th e  
two reac tions*
2SiCb + 5C = SigCsO + 300............. ..........................................(8)
and SieCgO + 0 = 2810 + CO .... .................................. . . . . ( 9 )
A s im ila r  iype of diagram would be ob ta ined  i f  s o lid  s i l ic o n  
monoxide were formed a t  h igh  tem peratu res, or i f  any te rn a ry  confound
other th an  s ilo x ic o n  e x is te d  which broke down on co o lin g .
The presence of any such compound should  be d e tec tab le  by th e  
measurement o f re a c tio n  p re ssu re s . I f  th e  breakdown tem perature l i e s  
w ith in  th e  tem perature range examined, a break in  pcc/T curve should be 
ob ta ined . I t  should a lso  be p o ss ib le  to  measure two d i s t in c t  re a c t io n  
p re ssu re s  above th e  breakdown te n ^ e ra tu re  by vary ing  th e  conç>osition o f 
th e  re a c tio n  m ixture.
CHAPTER 4 .
THE Si-C -0 SYSTEM.
(b) Experim ental.
31.
Experim ental Measurement o f  R eaction P ressu res 
i n  the  Si-C-0 Systemy
( l )  A nnaratus.
The main requirem ent fo r  th e  accu ra te  measurement o f  re a c tio n  
p re ssu re s  o f the  slow re a c tio n s  in  th i s  system i s  to  c o n s tru c t a  re a c tio n  
v e sse l o f sm all volume which w il l  remain le a k  p roof over long perio d s 
a t  th e  high experim ental tem peratu res. The apparatus used  in  th e  p resen t 
work co n s is ted  in  the  main o f a h o r iz o n ta l platinum-wound, r e s is ta n c e  
fu rn ace , w ith  an in n er fu rnace tube of m u llite  o r r e c r y s ta l l i s e d  alumina.
The use of a h o riz o n ta l fu rnace e lim ina ted  f lu c tu a tio n s  in  th e  measured 
p ressu re  due to  convection c u r re n ts .  A diagram of th e  apparatus i s  
shown in  F ig . 3.
The platinum -13^ rhodium wound furnace operated  s a t i s f a c to r i ly ,  
although considerab le  lo s s  of platinum  by v o la t i l i s a t i o n  was in e v ita b le  
over th e  very long p erio d s of u se . The winding tube was made from alundum 
cenen t, and th e  winding was surrounded by shaped b rick s  made from alundum 
\diich had been rendered  porous by th e  a d d itio n  o f sawdust to  th e  mix before 
f i r i n g .  These b rick s  p reven ted  contam ination from th e  le s s  re f ra c to ry  
in s u la tin g  b r ic k s , cu t down h ea t lo s s  from convection and made d ism antling  
of the  furnace much e a s ie r  than  i a  th e  case i f  powdered alumina i s  used.
In  the f i r s t  20-30 runs a ttem pted , g re a t d i f f i c u l ty  was experienced 
due to  the  f a i lu r e  of fu rnace tubes and thermocouple sh ea th s . This 
d i f f i c u l ty  was accen tuated  by th e  presence in  the  tubes a f te r  u se  o f surface- 
a c tiv e  d ep o sits  which rendered  the  complete evacuation of such tubes a very  
lengthy  jo b . In  comequence i t  was im possib le in  some cases to  e s ta b lis h
vu Cû
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th e  presence of leak s by th e  normal method of evacuating  and allow ing 
to  s tan d , and a l l  the tubes and jo in ts  had to  be c a re fu lly  te s te d  before 
and a f te r  each ru n .
In  th e  e a r l ie r  s tag es  of th e  work, most o f  th e  alumina tubes 
t r i e d  were e i th e r  porous before use or developed p in -h o le  leak s during 
th e i r  f i r s t  run . In  alumina tubes which were c lo sed  a t  one end, 
f a i lu r e  u su a lly  occurred a t  th e  p lace  where th e  hem ispherical end had 
been jo in ed  on. Two r e c r y s ta l l i s e d  alumina tu b es , open a t  both  ends, 
were s a t is f a c to ry  from th i s  p o in t o f view, bu t a f t e r  th e i r  u se  fo r  sev e ra l 
runs i t  was found im possible to  hold a vacuum a t  room tem perature, even 
although no le a k s  could be d e tec ted  by high frequency vacuum t e s t e r  or by 
immersion in  w ater under a p o s i t iv e  p re s su re . The only p o ss ib le  reason  
fo r  t h i s  was considered to  be the  form ation o f a su rface a c t iv e  d ep o s it 
on th e  in s id e  of th e  tubes d e riv in g  ftom s i l ic o n  monoxide vapour. Attempts 
were made to  remove any such d ep o sit by chemical trea tm en t and ig n i t io n  
but th e  gas ev o lu tio n  from th e  tube appeared to  have been the reby  increased , 
These tubes were th e re fo re  d iscard ed  as i t  was considered  th a t  they  might 
give r i s e  to  f a l s e  r e s u l t s  in  th e  measurements o f  equ ilib rium  p re ssu re s .
In  l a t e r  runs Morgan m u llite  tubes and thermocouple sheaths were 
used and p recau tio n s were taken  to  overcome e r ro r s  due to  a c tiv e  deposits* 
% es8 tubes u su a lly  remained leakproof fo r  4 or 5 runs when used in  th e  
te n p e ra tu re  range 1450-1550®C, and showed no s ig n  of so ften in g . E a r l ie r  
la ck  of success w ith them was found to  have been due to  th e i r  use fo r  
degassing th e  g rap h ite  r e a c tio n  c ru c ib le s . R eaction  between g rap h ite  and
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th e  m u llite  w all a t  low p ressu res  was found to  produce p o ro s ity  in  th e  
a rea  o f  co n tac t i n  a few hours a t  1500®C. This was avoided by r e s t in g  
th e  g rap h ite  c ru c ib le  on ai alumina plaque during th e  degassing o p era tio n .
(2 ) Temperature Measurement»
The tem perature of the  g rap h ite  c ru c ib le  was measured by a  
P t/P ty l3 ^  Rh. thermocouple ly in g  in  th e  m u llite  thermocouple sh ea th  
whose end was le v e l w ith the  middle o f th e  c ru c ib le . This thermocouple 
was checked sev era l tim es a t  th e  m elting  p o in t o f pallad ium , and when 
contam ination was l ik e ly  to  occur due to  a leak  in  th e  thermocouple sheath  
th e  end o f th e  couple was removed and the  new ju n c tio n  was te s te d  a g a in s t 
a new thermocouple. ^he E.M.F. o f  th e  thermocouple was measured by a 
Cambridge P o ten tiom eter, and a  c o rre c tio n  was ap p lied  fo r  th e  tem perature 
o f th e  co ld  ju n c tio n . Since the  re a c tio n s  in v e s tig a te d  a re  very  tem per- 
ta tu ro  s e n s i t iv e ,  g re a t care was necessary  in  th e  measurement o f  te n p e r-  
»a tu re  to  o b ta in  rep roducib le  r e s u l t s .
In  e a r l ie r  runs th e  furnace te n p e ra tu re  was c o n tro lle d  m anually 
by m anipulation  of th e  V ariac transform er which c o n tro lle d  th e  v o ltag e  
ac ross the  windings. In  most o f th e  l a t e r  runs th e  te n p e ra tu re  was 
c o n tro lle d  au tom atica lly  by a K elv in-H u^es e le c tro n ic  c o n tro l le r .  The 
thermocouple used fo r  th e  c o n tro lle r  was s i tu a te d  along  th e  winding tu b e , 
^y th i s  method th e  tem perature o f th e  c ru c ib le  could be m aintained a t
o f  th e  d esired  va lu e . The thermocouple along th e  furnace windings 
a lso  served as a check on th e  accuracy o f th e  in s id e  therm ocouple.
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(3) P ressu re  Measurement.
In  the  f in a l  design o f th e  appara tus as shown in  F ig . 3 , l i t t l e  
d i f f i c u l ty  was experienced w ith le ak s  o ther than  those in  th e  tube and 
thermocouple sheath . The design o f th e  w ater-coo led  gland on th e  
end o f th e  furnace tube i s  shown in  F ig .4 . The copper tube s p i r a l  
conferred  f l e x i b i l i t y  on the  coupling between th e  furnace tube and the  
manometer board.
In  order to  prevent dust and g r i t  being c a r r ie d  in to  th e  vacuum 
ta p s  on th e  manometer board a sim ple f i l t e r  was in s t a l l e d ,  as  shown in  
F ig .5.
The g la ss  vacuum tap s  on th e  manometer board were connected to  
th e  copper tubes by p o ly -v in y l ch lo rid e  tu b in g , th e  jo in  being made by 
h ea tin g  th e  copper and g la ss  tubes and pushing the  p la s t ic  tube over them, 
he manometer tube was jo in e d  by a cone and socket jo in t  sea led  w ith  
picene wax.
Carbon monoxide gas was in troduced  in to  th e  apparatus through one 
-limb of the  two-way tap  on th e  board. The carbon monoxide was ob ta ined  
from a cy lin d e r. In  most o f th e  e a r l i e r  runs i t  was s to red  in  a gas­
ho lder over w ater, but th i s  le d  to  contam ination from d isso lv ed  oxygen 
and n itro g en  in  the  w ate r, and in  a l l  l a t e r  runs the  gas was taken  s t r a ig h t  
from th e  c y lin d e r . The cy lin d er gas analysed as 100% CO in  th e  Bone 
and Wheeler ap p ara tu s , u sin g  ab so rp tio n  by ammoniacal cuprous c h lo rid e .
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Gas samples o f th e  gas in  th e  fu rnace tube were taken  by 
a tta c h in g  a  100 ml# gas sampling tube to  th e  o ther limb o f the  two-way 
tap  on th e  manometer board# The m etal ta p  on th e  board was th en  c lo sed  
and th e  sampling tube evacuated by th e  ro ta ry  punç)# Gas was th en  adm itted  
in to  th e  tube by opening the  m etal ta p , and mercury was f in a l ly  sucked 
in to  th e  sampling tube to  reduce th e  p re ssu re  d iffe re n ce  and so reduce 
th e  chance o f leakage through th e  taps# Gas an a ly s is  was c a r r ie d  ou t in  
a Bone and Wheeler apparatus# In  the  e a r l i e r  runs no m easurable amount 
o f  carbon dioxide was found, and a l l  l a t e r  analyses ware c a r r ie d  out fo r  
oxygen and carbon monoxide only , th e  re s id u e  being assumed to  be nitrogen# 
Any oxygen p resen t was assumed to  be p re se n t due to  leakage of a i r  in to  
th e  sample, and a c o rre c tio n  was made to  o b ta in  th e  tru e  gas co n ^ o sitio n . 
During th e  l a t e r  runs when the  experim ental technique had improved, th e  
oxygen con ten t was e i th e r  zero or very low (below 0 .5  p er cen t) and th e  
carbon monoxide was c o n s is te n tly  above 97*5 p e r cen t and u su a lly  100 p er 
cent#
(4 ) Crucibles#
The design  of th e  g rap h ite  c ru c ib le s  used i s  shown in  F ig#6# The 
charges fo r  th e  c ru c ib le  were made up by p e l le t i s in g  th e  f in e ly  ground 
c o n s titu e n ts  a t  a  p ressu re  of 50 tons per square inch* In  t h i s  form 
th e  c ru c ib le  h e ld  a charge o f about 8 gm#
Before use th e  c ru c ib le s  were degassed by hea tin g  in  vacuum fo r  
a t  l e a s t  3 hours a t  1450%. I f  the  c ru c ib le  was i n  co n tac t w ith  a iy  
s i l iè e o u s  m a te r ia l during degassing (such as th e  m u llite  fu rnace  tube)
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/
a sk in  o f s i l ic o n  carb ide was formed near th e  p o in t o f c o n tac t. This 
sk in  was scraped o f f  before th e  c ru c ib le  was used to  p reven t e r ro rs  due 
to  u n co n tro lled  o x ida tion  of s i l ic o n  ca rb id e  to  gaseous s i l ic o n  monoxide.
In  order to  cu t down the  slow ab so rp tio n  o f a i r  by th e  c ru c ib le s  
when not in  u se , they  were s to red  in  vacuum or i n  sea led  g la ss  tubes#
( 5) M ateria ls  Used#
The th ree  re a c ta n ts  used in  th i s  s e r ie s  of experim ents were 
s i l i c a ,  s i l ic o n  carb ide and g ra p h ite . The s i l i c a  was ob tained  fjrom 
q u arts  sand of 99.3 per cen t pu rity#  This sand was of s u f f ic ie n t  p u r i ty  
fo r  th e  p resen t e^qjeriments but as p u rer s i l i c a  was req u ired  fo r  making 
up s lag s  i t  was f in e ly  ground in  an aga te  m ortar and then  b o iled  w ith  
50 p er cen t hydrochloric ac id  u n t i l  f re e  from iro n . A fter th is  tre a tm e n t 
th e  p u r i ty  was 99.7 p er c e n t. X-ray exam ination o f th e  charge a f t e r  an 
experim ental run  showed th a t  the  quartz  had been alm ost w holly converted  
to  c r is to b a li te *  The experim ental r e s u l t s  ob tained  should thus l i e  
c lo se r  to  the  values fo r  th e  re a c tio n s  w ith  ^  c r i s to b a l i te  than  to  those 
fo r  |3 q u artz .
T echnical s i l ic o n  carb ide  (which i s  hexagonal) was used , th e  
f in e s t  grade designated  as -700 mesh, being enq)loyed. P rev iously  degassed 
Aches on g rap h ite  powder was th e  form o f carbon used . S n a il amounts o f  
im p u ritie s  in  th ese  two c o n s titu e n ts  should have no e f f e c t  on th e  
equ ilib rium  value reached .
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(6) Blank Buns.
E arly  experim ental r e s u l t s  were no t eonqjletely c o n s is te n t,  and 
so se v e ra l blank runs were c a rr ie d  out to  f in d  out whether any p a r t  of 
th e  system o ther than  th e  c ru c ib le  contents could give r i s e  to  p re ssu re  
changes i n  the  tube* The blank runs were c a r r ie d  out f i r s t  u sing  
r e c r y s ta l l i s e d  alumina tubes in  th e  cond itions e x is tin g  a f t e r  a run  
had been c a rr ie d  out* I t  was found th a t  a "recovery” e f f e c t  d id  tak e  
p lace  in  th e  tube whereby gas was evolved o r absorbed in  a d ire c tio n  
such as to  minimise any p ressu re  changes made. For example i f  th e  
tube was evacuated and then  1 atmosphere carbon monoxide was adm itted , 
i t  was found th a t  th e re  was a decrease in  p ressu re  of up to  2 cm. Eg. 
w ith in  a p e rio d  o f 2 hours. T hereafte r th e  p ressu re  remained s tead y .
This e f f e c t  was p re se n t both w ith  and w ithout a g rap h ite  c ru c ib le  
in  th e  tube , although th e  recovery  e f fe c t  seemed g re a te r  in  th e  former 
case . Some of i t  appeared to  be due to  porous alundum s to o ls  which 
had been used to  cu t down ra d ia t io n  and to  reduce the  volume of th e  
re a c tio n  tu b e .
During th e  course of a  ru n  some s i l i c o n  monoxide does escape 
through th e  c a p i l la ry ,  and th i s  appeared to  give r i s e  to  deposits  i n  th e  
co lder p a r ts  o f th e  tu b e . F u rth e r away from the  hot zone d ep o sit was 
b lack  and fonaed as a th in  la y e r  on th e  tube w alls  and r a d ia t io n  s h ie ld s . 
I t  con tained  g rap h ite  and must have been formed e i th e r  by carbon 
d ep o sitio n  or by th e  re a c tio n # -
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810(g) + CO = Sips + C  (1)
Nearer th e  ho t zone th e  d ep o s it was more voluminous and o f a w hite  or 
b lu ish -w h ite  colour* X-ray exam ination by* th e  powder method showed s i l ic o n  
ca rb id e  to  be p re sen t (Fig#7 -  X . l ) ,  and chemical a n a ly s is  showed th a t  
s i l i c a  was p re sen t ex ac tly  in  th e  p ro p o rtio n  expected i f  th e  r e a c t io n  
were %
3SiO(g) + CO = 2SiCb + SiC    . . , . ( 2 )
As a new tube showed no recovery  e f f e c t  when te s te d  i n  a blank 
run  th i s  e f f e c t  must have been due to  th e  presence of th e se  d ep o sits  in  
th e  tu b e .
In  order to  minimise th e  recovery  e f f e c t  th e  porous alundum 
s to o ls  i n  th e  furnace tube were removed and re p la ced  by r a d ia t io n  sh ie ld s  
made from m u llite  tube. These ra d ia t io n  sh ie ld s  were cleaned befo re  
each run  and th e  thermocouple and fu rnace tube  were a lso  scrgped f re e  
o f d ep o s it.
^  Cubic S ilic o n  carb ide i s  the  m od ifica tion  formed a t  tœ ip e ra tu re s  below 
2000®C(47), bu t no X-ray p a t te rn  o f cubic s i l ic o n  carb ide  was a v a ila b le  
w ith  wMch to  conpare *bhe p a tte rn s  ob tained  in  th e  o th e r photographs* 
However, commercial s i l ic o n  ca rb id e , which i s  hexagonal, gives a  
p a t te rn  con ta in ing  a l l  th e  l in e s  o f cubic s i l ic o n  carbide to g e th er 
w ith  a la rg e  number of ex tra  l in e s  (No.X .3). The f iv e  s tro n g e s t 
l in e s  of cubic s i l ic o n  ca rb id e  have d-spacings o f 2 .5 1 , 1 .5 4 , 1 .3111, 
0.888 and 0.837 A, and th e  l in e s  o f  th e se  d-spacings have been marked 
on No.X.3. They can be seen to  be a lso  p re se n t in  Nos. X . l ,  X .4, X.5 
and X .7 , bu t absen t in  X .6.
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F ig .7 X-Ray Powder Photographs# Cu K<< ra d ia t io n , 
9 cm# Camera. (See fo o tn o te , page 38)#
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In  a d d itio n  to  th ese  m easures, th e  p o s s ib i l i ty  o f e r ro r s  due to  
A bsorption o r d eso rp tion  of gas by d ep o s its  in  th e  tube was met by u sing  
long experim ental ru n s . In th is  way tim e was allowed fo r  th e  sm all 
amount o f dep o sit p re se n t to  come in to  equ ilib rium  w ith th e  p a r t ic u la r  
gas p ressu re  in  equ ilib rium  according to  th e  re a c tio n  being examined.
Where re a c tio n  r a te s  were found to  be slow, as i s  th e  case w ith  s o l id  
r e a c ta n ts ,  a  re a c tio n  p re ssu re  determ ination  took a t  l e a s t  5 hours, 
and many extended to  over 24 hours.
Confirm atory evidence of th e  ab so rp tiv e  power o f th e  d ep o sits  
formed in s id e  th e  fu rnace tube was ob tained  from th e  gas an a ly se s . I t  
was found t h a t ,  i f  n itro g en  was in troduced  in to  th e  tube th e  gas in  th e  
fo llow ing ru n  was high in  nitrogen* ^  considerab le  amount o f  h i^ i  
tem perature evacuation  was necessary  to  e lim in a te  such absorbed n itro g en .
In  th e  f in a l  form of th e  appara tus th e  t o t a l  e f f e c t iv e  volume 
o f th e  re a c tio n  tube was found to  be 162 c.c* w ith the c ru c ib le  a t  
1500®C, and, th e  volume o f th e  tub ing  to  th e  l e f t  o f th e  m etal tap  was 
13 c .c .
(?) Experim ental Procedure.
The exact experim ental procedure used v a ried  w ith th e  experiment 
being c a r r ie d  o u t. However, in  g en e ra l, th e  c ru c ib le  was charged and the  
furnace was then  heated up w ith  th e  furnace tube connected to  th e  ro ta ry  
puBÇ) to  remove ary  adsorbed extraneous gases from th e  tube . In  runs 
where th e  charge con tained  s i l i c a  and carbon th e  pump was sw itched o f f  a t  
about 1200-1300°G to  p reven t excessive form ation o f s i l ic o n  monoxide.
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Some carbon monoxide was then  adm itted to  cu t down fu r th e r  red u c tio n  o f 
s i l ic a *
When th e  furnace tem perature had reached th e  d es ired  re a c tio n  
tem pera tu re , th e  re a c tio n  p re ssu re  was measured whenever p o ss ib le  by 
approaching equ ilib rium  from both th e  high and low p ressu re  sides* The 
carbon monoxide was renewed o ccasio n a lly , but excessive punping out a t  
h igh te n p e ra tu re s  was avoided, as  i t  was found to  give r i s e  to  th re e  
adverse e f f e c ts ,  v iz* ,
(a) Excessive evaporation  of s i l ic o n  monoxide from th e  re a c tio n  
crucib le*  This s i l ic o n  monoxide vapour th en  condensed on th e  colder 
a rea s  o f th e  tu b e , where i t  was re -o x id ise d  on th e  adm ission o f f re s h  
carbon monoxide, presumably according to  th e  rea c tio n » -
3810 + CO = 281% + 810    (2)
(b) R eaction between th e  o u ts id e  o f th e  c ru c ib le  and th e  w all o f 
th e  m u llite  furnace tube according to  th e  equation»-
81% (m uU ite) + 3C = 81G + 2C0  (s )
This r e a c tio n  re s u lte d  in  th e  form ation  o f a  hard s i l ic o n  carb ide  
sk in  on th e  c ru c ib le  which may have been g radually  re -o x id ise d  by carbon 
monoxide to  form gaseous s i l ic o n  monoxide or s o lid  s i l i c a .
(c) Excessive pumping out i s  l ik e ly  to  g ive r i s e  to  a la rg e  "recovery” 
ad so rp tio n  e f f e c t  on th e  adm ission of carbon monoxide.
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Normally th e  experim ental procedure was to  punp out th e  tube 
w ith  th e  stopcocks f u l ly  open fo r  a few seconds orQy a t  h igh tenpera tu res*  
Longer exhaustion  was always found to  give r i s e  to  a tem porary d ec rease  
in  carbon monoxide p ressu re  when th e  gas was re -ad m itted  to  th e  tube .
(8) Experim ental R esu lts .
(a) S ilic o n  Carbide ru n s .
Two runs were c a rr ie d  out u sing  a charge o f s i l ic o n  ca rb id e  in  
the c ru c ib le . The tube used fo r  both runs was o f  r e c r y s ta l l i s e d  alumina.
Run 1 . At 1500®C, and w ith  i n i t i a l  v a lu es  of pqq rang ing  from
0.3 atm. to  0 .6  a tm ., a  gradual decrease in  carbon monoxide p re ssu re  was 
observed. In  th e  lo n g est run  re a c tio n  was found to  have v i r tu a l ly  ceased 
a f t e r  24 hours, th e  f in a l  p ressu re  reached being 0.286 atm. CO, a f te r  an 
ab so rp tio n  corresponding to  a p ressu re  decrease of 0.22 atm.
Run 2 . P ressu re /tim e  curves fo r  th i s  ru n  a re  shown in  F ig .8 .
This ru n  d if fe re d  from Run 1 in  th a t  th e  i n i t i a l  p re ssu re  was h ig h er.
On h ea tin g  up, 1 atmosphere of CO was adm itted  a t  1300^0 and a eonsider- 
»able ab so rp tio n  took p la ce  between 1300®C and 1500^0, r e s u l t in g  in  an 
i n i t i a l  p ressu re  o f 62 cm. Hg., as shown in  F ig . 8 . While the  tem perature
remained steady  a t  1500®C a fu r th e r  gradual ab so rp tio n  took p la c e , but 
when th e  p ressu re  was reduced to  41 cm. H g., by pumping ou t some g as , 
th e re  was a ra p id  ev o lu tio n  o f gas in s id e  th e  tu b e . This pumping cu t was 
rep ea ted , and the  seme r e s u l t  was ob ta ined . The p re ssu re  was th en  
in c reased  again  by th e  adm ission o f more CO and th e  r e a c tio n  was allow ed
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to  proceed overn igh t. As i s  shown by F ig .8 a f a r th e r  gradual ab so rp tio n  
o f carbon monoxide took p la c e , and th e  probable shape o f th e  p res  su re /tim e 
curve has been in d ic a te d .
Reference to  th e  th e o re t ic a l  d iscu ss io n  o f th is  system on page 26 
shows th a t  th e  r e s u l t s  ob ta ined  correspond to  th e  form ation o f some so lid  
o x id a tio n  product of s i l ic o n  ca rb id e  which i s  s ta b le  a t  carbon monoxide 
p ressu res  of more than  about 50 cm. Hg. a t  1500%. ^ h is  compound could 
e i th e r  be s i l i c a ,  in  which case some of the  thermodynamic data  used in  
the c a lc u la tio n s  in  Chapter 3 must be wrong, or some in te rm ed ia te  compound. 
5y low ering th e  p ressu re  th e  sm all amount o f s o lid  o x ida tion  product 
(formed a t  p ressu res  above 50 cm. Hg.) must have been consumed by some 
re a c tio n  such as
SiCfe + C = 810(g) + CO .................................... (1 )
This would account fo r  th e  gradual ab so rp tio n  o f carbon monoxide which took 
p lace  in  the  l a t t e r  s ta g es  o f th e  ru n , as t h i s  would correspond to  
d if fu s io n  co n tro lled  o x id a tio n  o f s i l ic o n  carb ide to  gaseous s i l ic o n  
monoxidet-
810 + CO = 810(g) + 2C ........................................ (3)
I f  s i l i c o n  monoxide formed by th i s  re a c tio n  condensed in  th e  tube o r 
re ac ted  to  form some s o lid  compound, a gradual decrease in  t o t a l  p ressu re  
would be expected, a s  was noted in  Chapter 3 , page 30.
Confirm ation of th i s  in te rp r e ta t io n  o f th e  r e s u l t s  was ob tained  by 
exam ination of the con ten ts o f the  re a c tio n  tube a f t e r  the  ru n . An X-ray 
powder photograph of th e  conten ts o f the c ru c ib le  was tak en , and th i s  
rev ea led  only s i l ic o n  ca rb id e  (F ig .7 -  X .2 ). In  ad d itio n  i t  was found
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th a t  a co nsiderab le  amount of deposit had been farmed in s id e  th e  furnace 
tu b e . This dep o sit was found no t to  change in  weight when ig n ite d  in  
a i r  ( s o l id  s i l ic o n  monoxide would probably have inc reased  in  w eight due 
to  o x id a tio n ) , and when t r e a te d  w ith  h y d ro flu o ric  ac id  a lo s s  in  weight o f 
75 p er cen t took p la ce . An X-ray powder photograph was taken  o f  the  
d ep o s it, and i s  shown in  F ig .7 -  X .l .  Comparison o f th is  photograph w ith 
th a t  o f  commercial s i l ic o n  carb ide  (No.X*3) shows th a t  th e  d ep o s it con tains 
s i l ic o n  ca rb id e . The re a c tio n s  which would give a  deposit con ta in ing  some 
s i l ic o n  carb ide and 75 p e r cen t s i l i c a  a r e i -
SiC + CO = 810(g) + 2C  ................................... (3)
in  th e  c ru c ib le , and
3810(g) + CO = 281% + 8iC ..............................................(2)
in  th e  co ld er p a r ts  o f th e  furnace tube. The weight of th e  d ep o sit was 
found to  be s u f f ic ie n t  to  account fo r  a l l  the  carbon monoxide consumed, 
assuming re a c tio n s  (3) and (2) to  be tak in g  p la c e .
As i s  shown ty  F ig . 8 , a sm all in c re a se  in  re a c tio n  p re ssu re  was 
a lso  ob ta ined  a t  a l a t e r  s ta g e  in  th e  run  when some carbon monoxide was 
removed by pumping o u t. ^h is  in c rease  can be seen to  be much slower and 
sm aller than  th a t  ob tained  a t  h igher p re ssu re s , and was probably due to  
th e  “recovery** e f f e c t ,  s in ce  th e  p recau tions ag a in s t th is  e f f e c t  given 
on page 48, had not been tak en  a t  t h i s  e a r ly  stage in  th e  work.
A fte r  com pleting th i s  run  a t  1500%, th e  tem perature was lowered 
to  1450% , th e  i n i t i a l  p re ssu re  being 23 cm. Hg (o r 0 .3  a tm .). A fu rth e r  
decrease in  p ressu re  was ob ta ined  a t  th i s  tem perature over a p e rio d  of 
24 hours.
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(b) S i l ic a  and Carbon Runs.
Seven runs ^jere c a rr ie d  ou t u sin g  a charge c o n s is tin g  o f a f in e ly  
ground m ixture of s i l i c a  and g rap h ite . In  th e  f i r s t  3 runs th e  charge 
was compacted in  th e  c ru c ib le  by hand, and in  the l a s t  4 runs th e  charge 
was p e l le t i s e d  a t  50 tons p er square in ch . In  o rder to  p rev en t th e  
form ation  o f s i l ic o n  carb ide during h ea tin g  up , th e  furnace tube was not 
evacuated above 900%, about 1 atmosphere of carbon monoxide being adm itted  
a t  t h i s  ten^jeratu re.
The main purpose o f these  runs was to  in v e s tig a te  th e  p o s s ib i l i ty  
th a t  s i l i c a  might be reduced by carbon to  some s o lid  compound o th e r than  
s i l ic o n  ca rb id e . This type of system would le ad  to  a p ressu re /tem p era tu re  
diagram of the type proposed by Brunner(4 3 ), as shown in  F ig .2 . I f  th i s
type of system were c o rre c t s i l i c a  and carbon should re a c t  a t  a p ressu re  
h i ^ e r  than  th a t  o f th e  c a lc u la te d  8i% -8iG-C equ ilib rium  to  form a th i r d  
s o l id  compound.
The r e s u l t s  of th ese  runs w il l  be d iscussed  in  d e ta i l  l a t e r  in  th e  
l i g h t  o f the  r e s u l t s  of th e  SiOb-SiC-C ru n s . At th i s  p o in t i t  may be 
no ted , however, th a t  they  tended to  support th e  sim ple type o f Si-C -0 
system dep icted  in  F ig . l .  Denoting th eeq u ilib riu m  carbon monoxide 
p ressu re  fo r  the  reaction»
SiCfe + 30 = 810 + 200  (S)
by pco eq*, i t  was found th a t ,  a t  p re ssu re s  above Pqq e q . ,  slow 
d if fu s io n -c o n tro lle d  red u c tio n  to  s i l ic o n  monoxide took p la c e , w hile 
below Pqq e q . , red u c tio n  to  s i l ic o n  carb ide  took p la c e .
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(c) S l l ic a -S i l ic o n  Carbide-Carbon Runs#
In  th e se  runs i t  was found p o ss ib le  to  reach  a  d e f in i te  equ ilib rium  
p re ssu re , approaching from both th e  h igh - and low -carbon monoxide p ressu re  
d ire c tio n s  by th e  normal experim ental procedure, u s in g  a m ixture con ta in - 
t in g  equal p ro p o rtio n s of th e  th ree  co n s titu e n ts  by volume# The r e s u l t s  
ob tained  by t h i s  method ware no t a t  f i r s t  com pletely c o n s is te n t among 
them selves bu t w ithout exception th e  re a c tio n  p ressu res  measured were 
much lower th an  th e  ca lcu la te d  values o f Pqq and pg^ ^Q given in  Tables I  
and I I I  had le d  one to  expect. A la rg e  number of runs were c a r r ie d  out 
a t  1450% and 1500% to  determ ine the  cause o f the  sm all in c o n s is te n c ie s , 
and a lso  to  e s ta b l is h  w ith  c e r ta in ty  th e  r e a c tio n  to  which th e  measured 
p ressu res  r e f e r re d . These experim ents w ill  be d e a lt  w ith  now.
( i )  Experim ental Consistency.
At th e  time when th ese  experim ents were being  c a rr ie d  o u t, 
considerab le  d i f f i c u l ty  was experienced in  o b ta in in g  a pure carbon monoxide 
atmosphere in  the  furnace tube . Even in  cases where th e  whole tube 
assembly had been te s te d  under w ater before and a f t e r  the run  and found 
to  be le ak  t i g h t ,  a  considerab le  percentage o f n itro g en  was o f te n  found 
to  be p re sen t in  th e  furnace gas* Repeated punning out and renewal of 
carbon monoxide was no t considered  adv isab le  due to  th e  e f fe c ts  noted on 
page 40, and in  a d d itio n  some n itro g en  had been in troduced  in to  th e  tube 
w ith  th e  carbon monoxide due to  th e  l a t t e r  having been sto red  over w ater.
A connection appeared to  e x is t  between th e  p u r i ty  of the furnace 
atmosphere and the  measured p a r t i a l  p ressu res  of carbon monoxide. This
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i s  c le a r ly  shown from th e  r e s u l t s  given in  Table V.
TABLE V.
P a r t i a l  p ressu res  of carbon monoxide measured 
in  SlQs-SiC-G ru n s .
1450“G 1500%
Pqo iGO Esa #30
0.474 80.4 0.723 98.6
0.450 89.5 0.719 76.6
0.419 94.8 0.715 81.8
0.376 100 0.736 85.7
0.414 88.2 0.764 84.1
0.441 91.2 0.793 89.3
0.390 97.8 0.729 100 t
S o lid  p lug  c ru c iia e 0.716 100 *5
I t  can be seen  th a t  th e  measured values o f Pqq a re  q u ite  c o n s is te n t 
in  th e  cases where th e  carbon monoxide conten t i s  g rea te r  than  97 p e r c e n t, 
b u t th a t  th e  values of Pqq a re  in  most cases g re a te r  where th e  gas i s  le s s  
pu re .
An attem pt was made to  d iscover i f  th e re  was any chemical reaso n  
fo r  th i s  e f f e c t  by in v e s tig a tin g  th e  e f f e c t  of n itro g en  on s i l ic o n  carb ide  
contained in  a carbon c ru c ib le . The r e s u l t s  were d i f f i c u l t  to  in te r p r e t  
due to  th e  sim ultaneous g enera tion  o f carbon monoxide by th e  re a c tio n  
between the  c ru c ib le  and th e  m u llite  furnace tu b e , but i t  appeared th a t  
some ab so rp tio n  of n itro g en  had taken  p lace  in  the  tu b e . The experiments 
were d iscon tinued  as they were found to  give r i s e  to  h i^ i  n itro g en  conten ts 
in  subsequent runs c a rr ie d  ou t in  th e  same tube ( fo r  example th e  gas sample
shown i n  Table V con ta in ing  76.6)2 CO th e  f i r s t  to  be drawn a f t e r  a  
n itro g e n  run)»
47 .
A second p o s s ib i l i ty  was th a t  the e f f e c t  wss caused by d iffe ren ces  
between th e  gas com position in s id e  and o u ts id e  th e  c ru c ib le . A. f u l l e r  
d iscu ss io n  of th i s  e f f e c t  w il l  be given l a t e r ,  bu t i t  appeared u n lik e ly  
from an exam ination of th e  r e s u l t s  th a t  th i s  could be the  so le  exp lanation . 
In  one or two cases th e  high n itro g en  con ten t and h igh  value o f Pqq may 
have been due to  a s l ig h t  a i r  leakage , bu t th i s  was no t th e  case in  th e  
g re a t m a jo rity  o f th e  runs quoted.
When th e  experim ental technique had improved i t  was found p o ss ib le  
to  keep th e  n itro g en  content o f  the  furnace atmosphere below 2 p er c e n t, 
and a  h igh degree of consistency  was then  obtained in  th e  measured 
re a c tio n  p re ssu re s .
( i i )  Experim ental R eaction.
The most obvious in te rp r e ta t io n  o f th e  re a c tio n  p ressu res  measured 
in  th ese  runs i s  th a t  they r e f e r  to  th e  re ac tio n * -
81% + 3C = 810 + 200  (5)
However, s in ce  th e  p re ssu re s  measured a re  so much lower than  those 
p red ic ted  by c a lc u la tio n  from app aren tly  w ell-founded d a ta , th e  p o s s ib i l i ty  
th a t  th i s  might not be the case was examined. Two causes appear to  be 
p o s s ib le , v iz » -
(a) The d if fu s io n  of s i l i c o n  monoxide gas from th e  c ru c ib le  
had d is tu rb ed  the  equ ilib rium .
(b) A th i r d  s o l id  compound in  th e  Si-C-0 system was s ta b le  under 
th e  experim ental co n d itio n s.
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Both p o s s i b i l i t i e s  have been tr e a te d  in  th e  th e o re t ic a l  exam ination 
o f  th i s  system in  Chapter 3 . In  th e  former case i t  was noted th a t  a 
low carbon monoxide p ressu re  might be reached i f  the re a c tio n
810 + 00 = 810(g) + 2 0   (4)
were very  much more ra p id  than  the  two re a c tio n s  
SiCb + C = SiO + CO, and
SiQ) + 30 = SiC + 2C0
I t  was a lso  shown th a t  i f  th is  were the  case th e  d iffe ren ce  between th e  
measured value of and p^^ could be reduced by d ec reasin g  th e  r a t e  
of d if fu s io n  of s i l ic o n  monoxide and by in c re as in g  the  re a c tio n  r a te s  by 
improving p a r t ic le  contact#
The e f f e c ts  o f both th e se  changes were in v estig a ted #  R eaction
p re ssu re s  were measured u sing  a c ru c ib le  w ith a s o l id  p lug , re ly in g  on
gas d if fu s io n  between th e  c ru c ib le  w all and th e  p lug  to  eq u a lise  th e  
p ressu res  in s id e  and ou tside  th e  crucible# In  a d d itio n  the  charge, fo r  
th e  f i r s t  tim e in  th i s  s e r ie s ,  was p e l le t is e d .  The two r e s u l t s  ob ta ined  
in  t h i s  way are  marked by an a s te r is k  in  Table V, and i t  can be seen 
th a t  they  agree e x c e lle n tly  w ith  th e  b es t of th e  r e s u l t s  ob ta ined  w ith a 
c a p i l la ry  opening in  th e  c ru c ib le  and a l ig h t ly  compacted charge. I t  
would thus appear th a t  th e  lowness of th e  p re ssu re s  measured cannot be 
a t t r ib u te d  to  s i l ic o n  monoxide d if fu s io n  from the  c ru c ib le .
I t  may be noted in  support o f th is  conclusion  th a t  th e  runs 
c a rr ie d  out w ith  s il ic a -c a rb o n  and w ith  s i l ic o n  ca rb id e  charges d id  not 
in d ic a te  any wide d iffe re n ce  in  th e  r a te s  of th e  two re a c tio n s* -
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81% + C = 810(g) + CO ................................ (1  )
and 81G + CO = 810(g) + 20 .................................. (4)
P e l le t is in g  of th e  charge was used in  a l l  th e  succeeding runs in  
which equ ilib rium  p ressu res  were measured a t  1400% , 1550% and 1580% . 
S o lid  plug c ru c ib le s  were a lso  used o ccasio n a lly  and appeared to  have 
no e f fe c t  on th e  r e s u l t s  ob tained.
The presence of a  th i r d  s o l id  confound, s ta b le  a t  high tem peratures 
only , would sep ara te  th e  system in to  th e  areas shown in  F ig . 9 , assuming 
th e  compound to  be in te rm ed ia te , in  o x id is in g  and reducing  power between 
s i l i c a  and s i l ic o n  carb ide . I t  i s  p o ss ib le  th a t  a system such as th i s  
in  which a m ixture o f s i l i c a ,  carbon and s i l ic o n  carb ide would be 
m etastab le  above T i , might g ive r i s e  to  low re a c tio n  p ressu res  along th e  
l in e  OB. I f  th i s  were th e  case i t  should be p o ss ib le  to  measure a s e r ie s  
o f  re a c tio n  p ressu res  along th e  l in e  OA by p rep arin g  a m ixture w ith  a 
la rg e  excess o f  s i l i c a .
This has been attem pted by u sing  a m ixture of s i l i c a  and carbon 
and hold ing  th e  gas p ressu re  s u f f ic ie n t ly  low to  form a l i t t l e  s o l id  
red u c tio n  p roduct. When th i s  had been done i t  was found p o ss ib le  to  
measure an equ ilib rium  p ressu re  fo r  the  m ix ture , approaching from both 
above and below in  the  u su a l way. The measured equilib rium  p ressu res  
ob tained  in  t h i s  way are  shown in  Table VI. They can be seen to  agree 
w ell w ith  measurements made using  changes con ta in ing  a la rg e  p ro p o rtio n  
o f s i l ic o n  ca rb id e .
r c o
Fig*9*
Type of Presgure/Tenqperature Diagram obtained  i f  th e re  
i s  a compound X, s ta b le  only  a t  h i ^  teijç>aratxires*
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TABLE VI.
Meastired re a c tio n  p re ssu re s  f o r  8i%  + C m ixtures 
co n ta in ing  a sm all amount o f s i l ic o n  ca rb id e .
1450°C. 1500% .
Pco PqO
0*415 97 0*714 97.5
0*366 ICO
In  runs where s il ic a -c a rb o n  m ixtures had not been held  a t  p re ssu re s  
low enough to  form s i l ic o n  c a rb id e , a slow upward d r i f t  in  p ressu re  was 
always obtained* This corresponds to  d if fu s io n  c o n tro lle d  red u c tio n  o f 
s i l i c a  to  gaseous s i l ic o n  monoxide, as d iscussed  on page@24/Z5* An 
example o f t h i s  p ressu re  change i s  shown l a t e r ,  i n  Fig* 10*
In  one 81% + C run  a t  1 5 5 0 ^  th e  tube was pumped down to  0*5 cm*
Hg f iv e  tim es and allowed to  generate  gas up to  atm ospheric pressure*
The p re ssu re  was then  ra is e d  to  1*35 atm. and carbon monoxide was slow ly 
absorbed down to  a p ressu re  o f 1 .1  atm*, although th e  equilib rium  p re ssu re  
a t  1550^0 w ith  8i%  -8iC-G charges had been found to  be 1.27 atm* The 
reaso n  fo r  th i s  i s  believed  to  have been th e  form ation  o f s i l ic o n  ca rb id e  
a t  th e  p o in t o f con tac t between th e  c ru c ib le  and th e  m u llite  tube* An 
X-ray of hard  powder scraped from th e  c ru c ib le  a t  th is  p o in t i s  shown in  
Fig.7-X*4j c le a r ly  showing th e  presence of s i l i c o n  carbide* O xidation 
o f  th i s  s i l ic o n  carb ide  to  s i l ic o n  monoxide by carbon monoxide could give 
r i s e  to  a low re a c tio n  p ressu re  since d if fu s io n  i s  u n re s tr ic te d  a t  th is  
point* In  th e  o ther s il ic a -c a rb o n  runs quoted le s s  vigorous re a c tio n  
had taken  p lace  and no hard sk in  was apparent on th e  crucible*
51.
An X-ray powder photograph o f  the c ru c ib le  con ten ts from th is  ru n  
i s  shown in  Nb.XS. From a comparison w ith Ho«X3, s i l ic o n  carb ide  can 
c le a r ly  be seen to  be p re se n t.
From th e  p re se n t r e s u l t s  i t  would appear th a t  a t  1500^  s i l ic o n  
carb ide should only be formed from s i l i c a  and carbon a t  p ressu res  below 
0.72 a tm ., whereas p rev iously  the thermodynamic data  in d ic a te d  a va lue  
of 1 .5  atm. Two experim ents were c a rr ie d  ou t in  an attem pt to  decide 
between th e  two v a lu es. A sm all s il ic a -c a rb o n  p e l le t  was held  a t  a  
p ressu re  of 1 atm. carbon monoxide a t  1500®C fo r  46 hours in  a stan d ard
g rap h ite  c ru c ib le . The X-ray powder photograph i s  shown in  No. X6, and
gives no in d ic a tio n  o f  th e  form ation o f s i l ic o n  ca rb id e  as would have 
been expected from the  previous d a ta . This was in  c o n tra s t to  a p revious
run  c a rr ie d  out over a sh o rte r  p erio d  of tim e or a  p ressu re  s l ig h t ly  below
0.7  atm. (See F ig .7 No.X.7). In  th e  second experim ent s i l ic o n  ca rb id e  
i n  th e  standard  g rap h ite  c ru c ib le  was held  fo r  33 hours a t  1500% in  
1 atm. p ressu re  of carbon monoxide, but th e  r e s u l t  o f th i s  run  was n eg a tiv e , 
no s i l i c a  p a t te rn  being v is ib le  on th e  X-ray photograph -  No. X8.
Even although th e  r e s u l t  of th i s  l a s t  run  was negative  i t  was 
considered  th a t  th e  evidence th a t  th e  p ressu res measured r e f e r  to  th e  t r u e  
SiCia-SiC-C equ ilib rium  was overwhelming. Measurements were th e re fo re  
taken  over a s  wide a range of tem peratures as p o s s ib le , u sing  s i l i c a -  
s i l i c o n  carb ide-carbon  mixtures* The tem perature l im its  were s e t  by th e  
slow re a c tio n s  and sm all p ressu res  a t  low tem pera tu res , and by th e  tube 
and furnace l im i ts  and the high p ressu res  a t  high tem peratures. These
fa c to rs  lim ite d  th e  measurements to  the  range from 1400"C to  1580% .
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P ressu re /tim e  curves fo r  th e se  runs a re  shown in  F ig s*10 and 11 and th e  
v alues o f th e  equilib rium  p ressu res  were taken as follows# -
1400% . The gas in  these  runs was only about 96/J CO and th i s  
probably accounts fo r  the  gap between th e  two curves* The c ru c ib le  used 
had a s o l id  p lug  and th is  must accen tuate  the  e f f e c t  whereby th e  gas in  
th e  c ru c ib le  i s  co n stan tly  enriched  w ith  carbon monoxide idien equ ilib rium  
i s  approached from th e  low -pressure s id e , and enriched w ith n itro g en  when 
approaching from th e  high p re ssu re  s id e . For th i s  reason  th e  b e s t value 
has been taken  to  be th a t  ob tained  from th e  lower curve, assuming th e  
gas i n  th e  c ru c ib le  to  be 100 p er cen t carbon monoxide* This le ad s  to  a 
re a c tio n  p ressu re  of 0.216 atm.
1450%. A s im ila r  e f f e c t  i s  apparent h e re , being e sp e c ia lly  
marked since  th e  only long approached ffom above were accompanied by 
csirbon monoxide con ten t in  th e  reg io n  of 90 p er cent* The most r e l i a b le  
ru n  appeared to  be th a t  in  which th e  p ressu re  remained com pletely co n s tan t 
a t  0.376 atm. fo r  24 hours, and in  which th e  gas was found to  be 100 per 
cen t, carbon monoxide. The o th er curves ten d  to  in d ic a te  a s l ig h t ly  
h igher v a lu e , however, and the b e s t value has been taken to  be 0*382 atm* 
The curves ob ta ined  from s il ic a -c a rb o n  m ixtures i n  which a sm all amount 
o f s i l ic o n  carb ide  had been allow ed to  form a re  a lso  shown.
1500%. The two long approaches w ith high p u r ity  gas com positions 
appear to  e s ta b lis h  th e  equ ilib rium  p ressu re  a c c u ra te ly , and i t  has been 
taken  as 0.723 atm* The p re ssu re  change ob ta ined  w ith  a f re s h  s i l i c a -  
carbon m ixture i s  a lso  shown on Fig*#î6»
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1550%. Although th e  only approach from th e  h igh  p ressu re  
d ire c tio n  i s  r a th e r  sh o r t , t h i s  value i s  a lso  q u ite  w ell e s ta b lish e d  
a t  1.27 atm.
1580% . The d i f f i c u l t i e s  of working so near th e  l im its  o f  th e  
apparatus n e c e ss ita te d  the  use o f f a i r l y  sh o rt runs a t  th i s  tem perature, 
bu t th is  i s  p a r t ly  compensated by th e  h igher re a c tio n  r a te s ,  and th e  
p ressu re  of 1 .77 a ta .  was c o n s is te n tly  in d ic a te d .
(9) D iscussion of R e su lts .
Comparison o f th e  r e s u l t s  w ith  th e  c a lc u la te d  v alues o f Pqq and
p given in  Tables I  and I I I  in d ic a te s  a wide d iscrepancy , and th i s  SiO
must be due to  an e r ro r  in  th e  thermodynamic data  on which the  c a lc u la -  
i t io n s  were based. While th e  f re e  energy o f form ation  of s i l i c a  may 
be s l ig h t ly  i n  e r ro r  i t  i s  considered th a t  th e  g re a te r  p a r t  o f  th e  
discrepancy must be a t t r ib u te d  to  an e r ro r  in  th e  f re e  energy of forma- 
* tio n  o f s i l ic o n  ca rb id e . The determ ination  o f th e  h ea t o f form ation  
of s i l ic o n  carb ide i s  very d i f f i c u l t  due to  i t s  u n reac tiv e  n a tu re , and 
although such a la rg e  e r ro r  in  th e  determ ination  by Humphry, Todd, 
Coughlin and King(25) appeared u n lik e ly , th i s  q u an tity  i s  th e  one most 
open to  doubt.
Taking th e  s i l i c a  f re e  energy to  be c o r re c t i t  can be seen th a t  
the  values o f  K fo r  th e  re a c tio n  SiQg + C = SiO(g) + CO in  Table I I  
should s t i l l  hold good. Using th e  measured re a c t io n  p ressu re  as an 
approxim ation fo r  poQ, th e  equ ilib rium  value o f can be c a lc u la te d
from th e  given values o f  pqq x Pgj^Q &t each te n ^ e ra tu re , and th e se
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values a re  shown in  Table V II. Since th é  measured re a c tio n  p re ssu re  i s
Pco + PSiO> carbon monoxide p ressu re  o f th e  reaction*  -
SiOs + 30 = SiC 4. 200     ( 5)
can then  be obtained by su b tra c tio n . This value o f p has been p lo t te dGO
ag a in s t tem perature in  F ig . 12, and lo g  10 pqq has been p lo tte d  a g a in s t 
i n  F ig . l3 .
TABLE V II.
T“c ^00* P sio ^SiO Pco lo^oPCO X lOP
1400 0.215 0.009 0.207 "0.684 0.5977
1450 0.376 0.016 0.360 -0.444 0.5805
1500 0.723 0.029 0.694 -0.159 0.5640
1550 1.27 0.039 1.23 +0.090 0.5486
1580 1.77 0.060 1.71 +0.233 0.5396
The l a t t e r  p lo t  in d ic a te s  th a t  th e re  i s  a s t r a ig h t  l in e  re la t io n s h ip  
between logio  P and 1/T%  and th is  lands support to  th e  conclusion th a t  
a t r u e  equilib rium  fo r  th e  system has been reached . The equation o f 
t h i s  l in e  is * -
lo& o = 8.926 -  1 5 ^
32,220
sin ce  %  = Pqo > logio  ^  = 17.852 -  t
s in c e  = -  RT In
= 147,400 -  81.68 T
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SiO;i +  3C =  SiC -*- 2CO
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Taking th e  f t e e  energ ies of form ation o f s i l i c a  and carbon 
monoxide given p rev io u sly , th e  fo llow ing equation  i s  obtained fo r  th e  
f r e e  energy of form ation of silicon.» carb ide •
S i ( l )  + C( g rap h ite ) = SiC 
= -15,200 + 6.02 T 
compared w ith  th e  equation  ob ta ined  by Humphry e t  a l(2 5 )* -  
A g® = -2 4 ,7 0 0  + 8.3T 
I t  i s  considered th a t  th e  equation derived  above does rep re se n t 
accu ra te ly  th e  f re e  energy o f form ation of s i l i c o n  carb ide in  th e  exper- 
lim en ta l range of 1400-1580°C* However, in  view o f the  f a c t  th a t  th e  
value o f th e  entropy term in  equation  o f Himç)hrey e t . a l ,  i s  so w ell 
e s ta b lish ed  by th e i r  own hea t cap ac ity  measurements and those o f 
K e l l^ (3 0 ) ,  i t  i s  probable th a t  t h i s  term i s  accurate* In  consequence 
some readjustm ent of th e  p re sen t equation  may be req u ired  to  b ring  i t  
in  to  alignm ent w ith t h i s  value* Such read justm ent leads to  th e  
equatiom  -
A ^“SIC = -19»240 + 8.31 
The e f f e c t  o f th is  change on th e  experim ental curve fo r  
lo g  Pq( /  has been c a lc u la te d , and i s  shown in  F ig , 13* As can be 
seen i t  i s  sm all enough to  be w ith in  th e  experim ental error*
CHâPTER 5,
THS MEâ.SDEEMEOT OF SILICA ACTIVITIES IH SLAGS.
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( l )  T h eo re tica l (Considerations»
The necessary  data  i s  now a v a ila b le  to  make p o ss ib le  th e  d e te r -
im ination  of s i l i c a  a c t i v i t i e s  in  l iq u id  s i l i c a t e  s lag s  by measuring
th e  re a c tio n  p ressu re  o f the re ac tio n # -
S iQ j(s lag ) + 3C = SiC + 2C0  ( l )
For th i s  re a c tio n  , and th e  value o f may be ob ta ined  from
a©
the  equation  derived  in  Chapter 4 , page 54, v iz # ,
logLo %. = 17.852 -
Ï
In  th e  p re se n t experiments measurements were made a t  1450®C, 1500°C 
and 1550®C, and the  values of a t  th ese  th re e  tem peratures a re  as 
follow s#-
1 4 5 0 ^  1500% 1550%
Ki 0.140 0.482 1.51
To o b ta in  th e  value of Pqq from th e  measured re a c tio n  p re ssu re  
i t  i s  necessary  to  know th e  p a r t i a l  p ressu re  of s i l ic o n  monoxide. This 
may be ob tained  most e a s i ly  from th e  equilibrium # -
SiC + CO = SiO(g) + 20 . . J ..................................(Z)
fo r  which %  =
PCD
Using th e  f re e  energy o f s i l ic o n  carb ide derived  in  th e  prev ious 
Chapter i t  i s  found th a t# -
ÛGs® = 6,960 + 2.38 T 
and logLol^ = -0 .630 -  '
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From th i s  equation  th e  values o f Kg a t  th e  working tem peratures 
have been ca lcu la ted # -
1450% " 1500% 1550%
% 3.1  X 10"^ 3 .3  X lO"  ^ 3.44 x  lO"®
Since i s  a sm all f r a c t io n  o f p^Q, th e  value o f p^^ + pg^^ 
can be used in  p lace  of Pqq in  making use of th ese  values o f % w ithout 
in troducing  any s ig n if ic a n t  error*  ^h is  enables Pgj^Q to  be c a lc u la te d  
w ith s u f f ic ie n t  accuracy from the  t o t a l  re a c tio n  pressure* The carbon 
monoxide p ressu re  i s  then  obtained  by su b tra c tin g  from th e  t o t a l  
p re ssu re , and th e  a c t iv i ty  o f s i l i c a  may then  be c a lc u la te d  from th e  
values o f given above*
This method o f measurement o f s i l i c a  a c t i v i t i e s  i s  confined to  
s lag s  in  which s i l i c a  i s  th e  most e a s i ly  red u c ib le  oxide* %ich oxides 
as FeO, MnO and P^Os a re  thus excluded* In  th e  p re sen t experiments th e  
only o ther co n s titu e n ts  p resen t have been lime and alumina. I t  i s  
p o ss ib le  to  c a lc u la te  approxim ately th e  carbon monoxide p ressu res  of 
th e  two reac tio n s# -
CaO + 30 = GaCa + 00  *................(S )
and AlsQs + 9 0  = AI4.C3 + 600 * * .......................  *(4 )
using  the  f re e  energy data  of Richardson(44) and R ichardson and Je ffes(4 5 ) 
At 1500% th e  equilib rium  carbon monoxide p re ssu re  of re a c tio n  (s) i s  
about 5 mm* Hg, and o f re a c tio n  (4 ) about 0 .5  mm.Hg, so th a t  n e ith e r  
i s  l ik e ly  to  in te r f e r e  w ith th e  main re a c tio n  being s tu d ied  s in ce  a l l  
the  re a c tio n  p ressu res  measured were above 60 mm. Eg.
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(2) Experim ental Procedure*
The re a c tio n  p ressu re  measurements were c a rr ie d  out in  th e  same 
apparatus as was employed fo r  th e  experiments on s o lid  s i l ic a *  The 
charge fo r  each run  co n s is ted  o f  5-6 gm* o f powdered s la g  and about 
1 gm* each of g rap h ite  and s i l ic o n  carb ide powder* This powder was 
mixed by grind ing  l ig h t ly  in  a mechanical agate  m ortar fo r  1-2 minutes*
I t  wag then  p a l le t i s e d  a t  50 to n s/sq u are  inch and in  t h i s  form th e  whole 
charge could be contained  in  th e  g rap h ite  c ru c ib le .
(3) Slag Composition*
A fte r a run  th e  charge s t i l l  co n s is ted  o f a f in e ly  d iv ided  m ixture 
o f s la g , carbon and s i l ic o n  ca rb id e , although in  some cases m olten s lag  
had coalesced in to  v is ib le  globules* No method of s u f f ic ie n t  accuracy 
could be devised to  analyse t h i s  m ixture and i t  th e re fo re  has been 
necessary to  analyse th e  s la g  befo re  use in  a ru n , and to  co n tro l th e  
run  in  such a  way as to  p reven t la rg e  changes in  s la g  com position due 
to  excessive re a c tio n  in  one d ire c tio n  or ano ther.
M aster s lag s  were made up by f i r s t  weighing out th e  r e q u is i te  
amounts of A nalar calcium carbonate and alumina and p u r if ie d  s i l i c a  
and then  ro a s tin g  the mixed powder a t  1000% f o r  2 hours to  d rive  o f f  
carbon dioxide* The powder was m elted in  a  g rap h ite  c ru c ib le  by means 
of a high frequency in d u c tio n  furnace* The m elted s la g  was crushed 
in  a percussion  m ortar and f in a l l y  ground in  an ag a te  m ortar and 
analysed fo r  s i l i c a ,  alumina and lim e by th e  usual methods*
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Two s e r ie s  of s lag s wœre in v e s tig a te d , v i z . ,  l im e - s i l ic a  s la g s  
and lim e-a lu m in a -s ilica  s lag s  con ta in ing  20 p er cen t alum ina. The lim e- 
s i l i c a  and lim e-a lu m in a -s ilic a  phase diagrams a re  shown in  F ig . 14 and 15 
to g e th e r w ith  th e  s la g  conpositions examined. The m aster s lag  com positions 
have been in d ic a ted  on the  diagram s. Compositions a t  in te rm ed ia te  p o in ts  
were made by mixing th e  r e q u is i te  amounts o f m aster s la g s . Values of 
%iCb ^  th e  l iq u id  were c a lc u la te d  from th e  ana ly ses in  th e  case of 
s lag s  which were com pletely l iq u id ,  and from th e  phase diagram fo r  s lag s  
which were only p a r t i a l ly  molten a t  th e  re a c tio n  tençjera tu re .
The analysed alumina co n ten ts  o f th e  l im e - s i l ic a  s la g s  a re  
h i ^ e r  than  those expected from th e  p u r ity  of th e  faw m a te r ia ls  u sed , 
and th e  reason  fo r  th i s  i s  not known. In  s lag s  which a re  com pletely 
l iq u id  th e  amount o f alumina p resen t should have only a s l ig h t  e f f e c t  
on th e  s i l i c a  a c t i v i t i e s  but in  ad d itio n  i t  does a l t e r  th e  co nposition  
of th e  l iq u id  in  sem i-so lid  s lag s by a sm all amount. In  a l l  cases 
^SiQs th e  l iq u id  has been c a lc u la te d  tak in g  th e  alumina co n ten t in to  
account.
In  order to  measure th e  equ ilib rium  p ressu re  i t  i s  necessary  to  
allow  some re a c tio n  to  take p la c e , and any re a c tio n  produces a change 
in  com position o f th e  s la g . The e f fe c tiv e  volume o f the  re a c tio n  space 
under working cond itions i s  about 175 c c . ( i . e . ,  175 c .c .  o f gas, as 
measured a t  N .T .P ., would e x e rt a p ressu re  o f 1 atmosphere i f  in t r o ­
duced in to  th e  re a c tio n  space). A change o f p re ssu re  o f 20 cm. Hg i s  
thus equ ivalen t to  th e  consumption or p roduction  of 0.062 gm. s i l i c a .
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or a change in  s i l i c a  conten t o f 1 .2  p e r cen t in  a s la g  w eight o f  5 gm.
I t  was thus necessary to  balance th e  forward and back re a c tio n s  by 
approaching from about th e  same d is tan ce  on e i th e r  s id e  o f th e  eq u ilib rium  
p ressu re . I t  i s  d i f f i c u l t  to  estim ate  ex ac tly  how c lo se ly  th i s  id e a l  
was follow ed since  th e  changes in  volume during h ea tin g  and sanç)ling 
have to  be taken  in to  account, but i t  i s  considered th a t  th e  n e t change 
in  p ressu re  during a run  was never as h igh as 10 cm#
Some change in  con^osition  must a lso  take  p lace  by d if fu s io n  o f 
s i l ic o n  monoxide vapour from th e  c ru c ib le . The weight o f d ep o s it on 
the  tube a f t e r  a run  was about 0.02 -  0.03 gm., and some o f th i s  was 
probably due to  re a c tio n  between th e  c ru c ib le  and th e  n u l l i t é  tu b e , so 
th a t  the  decrease in  s i l i c a  con ten t due to  th i s  e f f e c t  could not be 
g rea te r  th an  0 .5  per ce n t.
At f i r s t  a gas sample was drawn a f te r  each re a c tio n  p re ssu re  
determ ination , but as gas sampling in tro d u ces some u n c e rta in ty  in to  
th e  n e t p re ssu re  change and since  th e  carbon monoxide con ten ts were 
so uniform ly high (always above 98 p er cen t) i t  was considered  necessary  
to  take only one gas sample during each run .
The genera l procedure used in  the experim ents on s o lid  s i l i c a  
was follow ed in  the  s la g  ru n s . In  general r e a c tio n  v e lo c i t ie s  were 
g re a te r , e sp e c ia lly  in  th e  more f lu id  basic  s la g s , and ra th e r  sh o r te r  
runs were th e re fo re  p o ssib le  than  were considered  adv isab le  when a l l  
th e  c o n s titu e n ts  were s o l id .
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(4) R e su lts .
Some 20 runs were c a rr ie d  out in  the  e a r l ie r  p a r t  o f th e  work 
before th e  data  on pure s i l i c a  had been ob ta ined . These runs gave 
r e s u l t s  o f th e  same order as those  obtained in  th e  l a t e r  ru n s , but 
they  d id  no t show th e  same co n sis ten cy , and have not been inc luded  
h e re . The main reasons fo r  th e  v a r ia tio n s  ob ta ined  a re  considered 
to  b e i-
(a ) Great d i f f i c u l ty  was being experienced w ith  leak s in  tubes 
and thermocouple sh ea th s , and many of th e  runs were in v a lid a te d  
f o r  th is  reason .
(b) A dosrption e f f e c ts  made s a t is f a c to ry  degassing o f th e  re a c tio n  
chamber very d i f f i c u l t ,  and i t  was o ften  d i f f i c u l t  in  consequence
to  decide whether or not leaks were p re se n t.
(c) Due p a r t ly  to  th e  use o f impure carbon monoxide the gas was 
seldom of th e  p u r ity  which appears to  be necessary  in  ob tain ing  
co n s is te n t r e s u l t s .
(d) In  order to  conserve tubes and thermocouple sheaths which 
were in  very sh o rt supply, freq u en t adjustm ents o f p ressu re  were 
made so th a t  the  equilib rium  p ressu re  could be a sc e r ta in e d  qu ick ly . 
As a r e s u l t  some of th e  p ressu re  changes observed may have been 
due to  th e  "recovery" e f f e c t .
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The r e s u l t s  o f a l l  the  runs done in  the  l a t e r  s tag es  o f  th e  
work, a f t e r  the pure s i l i c a  runs had been com pleted, have been inc luded , 
and a re  shown in  Tables V III -  X III . Some of the  p ressu re /tim e  curves 
from which th e  values of pqq +" PgiO have been ob ta ined  a re  shown in  
F ig s . 16 , 17 and 18. These runs a re  ty p ic a l  o f  those c a rr ie d  ou t. As 
can be seen from them th e  g rea te r  r e a c tio n  r a te s  and h igher gas p u r i ty  
in  th i s  s e r ie s  of runs have enabled equ ilib rium  to  be reached q u ite  
quickly from both above and below, e sp e c ia lly  i n  th e  more basic  s la g s .
In  cases where r e s u l t s  have been d u p lica ted  by sep ara te  runs 
using  f re s h  charges, t h i s  has been shown on th e  ta b le s  by sep a ra tin g  
th e  r e s u l t s  by & l in e .  Where no l in e  i s  shown the  r e s u l t s  have been 
obtained  w ith the  same charge b u t w ith  measurements a t  o ther tm p e ra tu re s  
in te rv en in g .
^he a c t i v i t i e s  ob ta ined  have been p lo t te d  a g a in s t l iq u id  ccmpos- 
$ i t io n  in  F ig s . 10 and 2Ü* Comparison o f th e  two curves shows th a t  a t  
s i l i c a  con ten ts below about 63 per ce n t, replacem ent o f 20 per cen t lim e 
by 20 p er cent alum ina, has in c reased  the  s i l i c a  a c t iv i ty ,  w hile above 
63 per cen t s i l i c a  replacem ent o f lim e by alumina has decreased th e  
s i l i c a  a c t iv i ty .  Since th e  s lag s  used fo r  th e  measurements' on th e  
binary  system contained approxim ately 0.7 per cen t alumina a s l ig h t  
c o rrec tio n  must be app lied  to  o b ta in  the  tru e  b inary  curve. In  view 
o f the  e f f e c t  o f  alumina noted above i t  i s  apparent th a t  th e  measured 
curve should be moved s l ig h t ly  to  the r ig h t  a t  low s i l i c a  con ten ts and 
s l ig h t ly  to  the  l e f t  a t  high s i l i c a  co n ten ts .
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The ex ten t o f th e  req u ired  s h i f t  i s  very sm all, but i t  has been in d ic a te d  
on F ig . 19 fo r  1550% a t  high s i l i c a  con ten ts where i t  can be f ix ed  by 
th e  two s i l i c a  sa tu ra tio n  com positions.
The r e s u l t s  show l i t t l e  tem perature e f f e c t  in  th e  OaO-SiOg system, 
except a t  compositions nearing  s i l i c a  s a tu ra tio n . U nfortunately  th e  
steepness of th e  curve a t  th i s  end has made some s c a t te r  of th e  ex p e ri-  
% m ental p o in ts  in e v ita b le , but th e  tru e  a c t iv i ty  l in e s  can be drawn in  
w ith  s u f f ic ie n t  accuracy from th e  s i l i c a  s a tu ra tio n  com positions as 
read ; fronFig.lS:. At lower s i l i c a  co n ten ts  the  l in e  i s  w ell e s ta b lish e d , 
e sp e c ia lly  a t  1550%, which i s  th e  only ten p era tu re  a t  which a continuous 
range of l iq u id  com positions e x is ts .
In  th e  s lag s con tain ing  20 per cen t alumina th e re  i s  a sm all 
decrease in  a c t iv i ty  w ith  in c re as in g  tem perature a t  th e  h ig h - s i l ic a  end, 
but th i s  d iffe re n ce  d isappears a t  more basic  com positions. Although no 
d u p lica te s  were c a rr ie d  out in  t h i s  system , th e  v a r ia t io n  in  s i l i c a  
a c t iv i ty  w ith  ten p e ra tu re  and com position i s  so c o n s is te n t th a t  th e  
position ifo f the  ac tiv ity -co m p o sitio n  l in e s  appear to  be w ell e s ta b lish e d .
TABLE V III , 
OaO-SlCb System 1450°C
Mo, A nalysis 
GaO Sipa A]a%
Measured
^GO+*^8iO
PSiO
(atm .)
Pco
(atm .) *81%
% 0 à  in  
L iqu id .
G .8.3 51.3 47.7 0.79 0.308 0.010 0.298 0.635 0,611
C.S.4 42.0 57,5 0,60 0.312 0.010 0.302 0.652 0.611
O.S. 5 41.4 58.8 0.7 0.354 0.011 0.343 0.844 0.611
G.8 ,5 41.4 58.8 0.7 0.367 0.011 0,356 0.907 0.611
G.8.6 34.3 66.0 0.80 0.373 0.012 0.361 0.932 0,631
TABLE IX.
CaO-Sl% System 1500°C.
Mo. A nalysis 
GaO 8i0b
Measured,
p p "sio
G0+ SiO (atm ).
^00
(atm .) ^SiO
% iP3 ^
L iqu id .
c* s«x 55.5 43.4 0 .8 0.240 0.008 0.232 0.112 0.425
C.8,1 55.5 43 .4 0.8 0.233 0.008 0.225 0.105 0.423
C.S.2 51.3 47.7 0.8 0.288 0.010 0.278 0.160 0.463
C.8.3 46.2 53.1 0.8 0.521 0.017 0.504 0.527 0.557
C.S.4 42 .0 57.5 0.60 0.501 0.016 0.485 0.490 0.557
O.S. 5 41.4 58.8 0 .7 0.553 0.C18 0.535 0.595 0.568
G .8.6 34.3 66.0 0.8 0.635 0.021 0.614 0.784 0.642
G.8.6 34.3 66.0 0.8 0.676 0.023 0.653 0.888 0.642
TABLE X.
CaO-SlOa System 1550°C»
Mo*
CaO
A nalysis 
SiQs AlsQs
Measured*
Pco^PsiO
PSiO 
(atm .1  _
PqO
(atm .) sglOb % 0 a
G.8 .1 55.5 43.4 0.8 0.419 0.014 0.405 0.109 0.423
G.8.1 55.5 43.4 0.8 0.380 0.013 0.367 0.090 0.423
0.408 0.014 0.394 0.103 0.423
C.S.2 51.3 47.7 0 .7 0.584 0.020 0.564 0.210 0.463
G.8.3 46.2 53.1 0.6 0.735 0.025 0.710 0.334 0.516
G. 8.4 42.0 57.5 0.6 Gas a n a ly s is only 91,6% GO
G.8.5 41.4 58.8 0.7 0.903 0.031 0.872 0.578 0.569
G. 8. 6 34.3 66.0 0.8 1.152 0.039 1.113 0.808 0.643
G.8.6 34.3 66.0 0.8 1.158 0.039 1.119 0.831 0.643
TABLE XI . .
CaO-A3fflft,-aiOa System 1450% .
No. A n aly sis .
C&0 Si%  Ala Qs
Measured.
P +P 
00 SiO
% iO
(atm .)
^co
(atm .)
a
SiOa
CAS.1 46.7 33.5 20.25 0.082 0.003 0.079 0.045
0.090 0.003 0.087 0.054
Gâ3.2 43.4 38.5 19.4 0.117 0.004 0.113 0.090
CAS. 3 38.8 42 .0 19.5 0.173 0.005 0.168 0.202
GAS.4 35.7 45 .0 19.6 0.218 0.007 0.211 0.318
CAS. 5 27.2 54.0 19.7 0.299 0.009 0.290 0.602
GAS.6 11.0 69.5 19.9 0.363 0.011 0.352 0.886
TABLE XII»
GaO-Ala%-SlCbi System 1500% ,
No. A n aly s is .
CaO Sipg Alg Qa
Measured
Poo+Pgio
PSiO 
(Atm. )
Pco
(atm .) ^Si%
GAS.l 46.7 33.5 20.25 0.148 0.005 0.143 0.043
GAS.2 43.4 38.5 19.4 0.206 0.007 0.199 0.082
CAS. 3 38.8 42 .0 19.5 0.314 0.010 0.304 0.192
GAS.4 35.7 45 .0 19.6 0.380 0.013 0.367 0.300
GAS. 5 27.2 54.0 19.7 0.539 0.018 0.521 0.565
0.532 0.018 0.514 0.550
GAS.6 11 .0 69.5 19.9 0.656 0.022 0.634 0.836
TABLE nil.
CaO-Ala%-Si% System 1550*0.
Mo. A nalysis.
CaO SiOg AlgCb
Measured.
^CO^^SIO
% iO
(atm .)
^GO 
(atm . )
a
-SiOa_______  _ _
CAS.1 46.7 33.5 20.25 0.257 0.009 0.248 0.041
GàS.2 43.4 38.5 19.4 0,365 0.013 0.352 0.082
CAS.3 38.8 4 2 .0 19.5 0.538 0.019 0.519 0.179
GAS.4 35.7 45.0 19.6 0.645 0.022 0.623 0.258
CAS* 5 27.2 54.0 19.7 0.940 0.032 0.908 0.548
CAS. 6 11.0 69.5 19.9 1.135 0.039 1.096 0.795
so.
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CHAPTER 6.
DISCUSSION OF RESULTS.
64*
( l )  The Si-C-0 %‘gtem»
P rio r  to  th e  p resen t work, th e  only d i r e c t  measurements which 
have been made of re a c tio n  p ressu res in  t h i s  system were by Brunner(43)* 
The r e s u l t s  obtained a re  shown g rap h ica lly  in  Fig*21* The d ire c tio n s  
from which each p o in t were approached have been indicated*
The s in g le  l in e  obtained by th e  p resen t experiments and th e  l i i |e  
c a lcu la te d  from e x is tin g  data  fo r  the , r e a c tio n  8i%  + 3C = SiC + 200, 
have a lso  been shown#
As can be seen from Fig*21, th e  methods used by Brunner to  
e s ta b lis h  th e  p h a se -f ie ld  boundaries were not very sa tis fa c to ry #  In  
th e  range below 1660°G th e  l in e  fo r  the  re a c tio n  SiQg + 30 = SiC + 200, 
was e s ta b lish e d  by the  use of p e l le t s  con ta in ing  only s i l i c a  and carbon*
I t  was thus p o ss ib le  to  approach from th e  low -pressure s id e  on ly , and 
th e  la rg e  volume of the  re a c tio n  space used (6 l i t r e s )  made the  d e te c tio n  
o f sm all p ressu re  changes d if f ic u lt*  P reheated s i l i c a  and carbon p e l le t s  
were used in  order to  o b ta in  a s e r ie s  of p re ssu re s  which were a sc r ib e d  
to  the  re a c tio n  between m etastable s ilo x ico n  and s i l ic o n  carbide*
However, the  preheated  p e l le t s  would be expected to  con ta in  some s i l ic o n  
ca rb id e , which would allow  re a c tio n  to  take p lace  in  th e  d ire c tio n  shown* 
Brunner did  not enclose h is  p e l le t s  in  a c ru c ib le  as he was unaware 
of the  e r ro rs  which might be in troduced  by th e  d if fu s io n  o f s i l ic o n  
monoxide* In  consequence h is  r e s u l t s  may be a f fe c te d  in  some of th e  
ways o u tlin ed  in  Chapter 3. This i s  one p o ss ib le  explanation  fo r  th e  
very low r e s u l t s  obtained w ith m ixtures con tain ing  s i l i c a ,  s i l ic o n  carb ide 
and carbon#
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As was po in ted  out p rev io u sly , th e re  i s  no s t ru c tu ra l  or a n a ly t ic a l  
evidence fo r  th e  ex istence  o f any te rn a ry  Si-C-0 compound such as 
s ilo x ic o n  (Sl^C^O). Since th e  p re se n t experim ents were c a rr ie d  out 
below 1580%, th e  p o s s ib i l i ty  th a t  such a compound i s  s ta b le  above th i s  
tem perature cannot be ru le d  o u t, but i t  may be noted th a t  th e  evidence 
pu t forward fo r  i t s  ex is ten ce  by Brunner i s  not a t  a l l  conclusive# I t  
was based mainly on th e  f a c t  th a t  h igher re a c tio n  p ressu res  were ob tained  
w ith s il ic a -c a rb o n  m ixtures than  w ith s i l i c a - s i l i c o n  carb ide-carbon  
mixtures* As was shown in  Chapter 3 , th i s  i s  to  be expected from th e  
e f f e c t  o f s i l ic o n  monoxide d iffusion#
Humphrey, Todd, Coughlin and King(25) commented on B runner's 
re a c tio n  p ressu re  determ inations and suggested th a t  they  conformed to  
th e  e q u ilib r ia * -
SiCb + C = SiO(g) + CO .# # ..................... #(1)
and 2SiO(g) = S i + SiCfe   (z)
sin ce  the  equ ilib rium  value of Pg^Q fo r  re a c tio n  (2) would co n tro l th e  
value o f Pqq fo r  re a c tio n  ( l )  to  approxim ately th a t  measured by 
Brunner. However, re a c tio n s  ( l )  and (2) a re  equ iv a len t to  th e  s in g le  
equilibrium * -
SiCb + 2C = S i + 2C0  (3)
There seems to  be no reason  why m e ta llic  s i l ic o n  should be s ta b le  in  
th e  presence o f carbon, and re a c tio n  between carbon and s i l ic o n  would 
r e - e s ta b l is h  th e  equilibrium »-
SiCb + 30 = 810 + 200  . . . . . . . . . . . . ( 4 )
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As can be seen from F ig .21 y th e  re a c tio n  p ressu res  measured in  th e  
p re sen t work a re  only about h a lf  those obtained by c a lc u la tio n  from th e  
p rev iously  av a ila b le  thermo dynamic d a ta . The reasons fo r  decid ing  th a t  
the  measured p ressu res  are  the  tru e  equ ilib rium  p ressu res  f o r  th e  reaction»
SiCb + 30 = SiO + 200  (4)
were advanced in  Ohapter 4 , bu t a d d itio n a l evidence fo r  th is  conclusion  
may be noted h ere . I t  was shown in  Chapter 3 th a t  an e r ro r  in  th e  
measured p ressu re  might be p o ss ib le  i f  th e re  was a wide d iffe ren ce  i n  th e  
r a te s  of th e  two reac tio n s* -
SlQa + C = 810(g) + CO ..............  ( l )
and 810 + CO = 810(g) * ZO  ..............  ««(S)
The so lu tio n  of s i l i c a  in  a s la g  would be expected to  in c rease  th e  
re a c tio n  r a te  of ( l )  and leave  (5) unchanged^ bu t the  measured carbon 
monoxide p ressu res  fo r  s i l i c a  sa tu ra te d  slags were i f  anything s l ig h t ly  
lower than  those  ob ta ined  w ith pure s i l i c a .
I t  thus appears im possible th a t  the  la rg e  d if fe re n c e  between 
th e  observed and ca lcu la te d  p ressu res  can be a t t r ib u te d  to  s i l ic o n  
monoxide d if fu s io n .
Since the  f re e  energ ies of form ation of carbon monoxide and s i l i c a  
have been e s ta b lish e d  by a number o f workersj and s in ce  th e  entropy 
o f s i l ic o n  carb ide a lso  appears to  be r e l ia b ly  checked, the  d iscrepancy 
in  the  thermodynamic data must be in  the  h ea t of form ation  of s i l ic o n  
ca rb id e , as determined by Humphrey, Todd, Coughlin and K ing(25). The 
values which they  ob tained  were*
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S i(c ) + C = Sic (hexagonal, mod.I l )
A  = -12,310 + 920 c a l .
S i(c ) + C = Sic (cubic)
A  = -13,400 + 920 c a l .
Values o f AqS*s98#iG*^ in  the  reg io n  of -  8,000 c a l . ,  would be req u ired  
to  agree w ith  th e  p resen t d a ta .
No source of such a la rg e  e rro r  i s  ev iden t from an exam ination 
o f th e  experim ental technique used by Humphrey e t .  al* The determ ination
o f th e  h ea t of combustion of s i l ic o n  carb ide was c a rr ie d  out by burning
a m ixture of s i l ic o n  carb ide and titan iu m  powder in  oxygen a t  40 atmos- 
ipheres p re ssu re , th e  powder being contained in  a n u t i l e - l in e d  capsu le . 
C orrections were ap p lied  fo r  incom plete combustion o f titan iu m  to  
r u t i l e  (TiC^) and fo r  a d iffe ren ce  in  heat o f form ation  of a deposit^  
amounting to  11 per cen t by weight of th e  combustion p roduct, which was 
formed on th e  w alls  o f the  bomb. The methods used fo r  these  co rrec tio n s  
appear somewhat a r b i t r a r y ,  but e rro rs  due to  th e se  fa c to rs  alone could 
not produce the req u ired  d iffe re n c e .
I t  must be no ted , however, th a t  th e  value o f the  h ea t o f combustion
i s  n ea rly  300,000 cal/m ole and th a t  th e  measured hea t evolu tion  correspond
to  a much higher value than  th i s  due to  th e  combustion o f titan ium  
powder, so th a t  an e r ro r  of 4 ,500 cal/m ole inAH®298®K rep rese n ts  a 
very sm all f r a c t io n  o f th e  t o t a l  hea t evolved p er mole of s i l ic o n  
ca rb id e . In  consequence an e r ro r  o f th is  magnitude i s  not im possib le , 
and indeed previous determ inations have shown even g rea te r  d isc repanc ies 
For example Ruff and G rieger^s measurements gave a value o f Ah®29s ^  o f 
-26,700 ca l./m o le .
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F u lton  and Chipman(2l) c i te d  th e  work of Taylor and L aid ler(47 ) 
in  support o f th e i r  b e l ie f  th a t  s i l i c a ,  s i l ic o n  ca rb ide  and 1 atmos- 
%phere p ressu re  of carbon monoxide were in  equ ilib rium  w ith each o ther 
a t  1456°G (as p red ic ted  from previous thermodynamic data)* Taylor 
and L a id le r had found th a t  s i l ic o n  carb ide  was only formed from s i l i c a  
and carbon a t  tem peratures above about 1450®C, b u t exam ination o f  th e  
experiments in  question  shows th a t  they  were c a rr ie d  ou t in  vacuum and 
no t a t  1 atmosphere p ressu re  of carbon monoxide, as assumed by Fulton* 
and Chipman* The p re sen t work shows th a t  th e  four phases in  th e i r  
standard  s ta te s  are  in  equilib rium  a t  1560^0.
The f r e e  energy of form ation o f s i l ic o n  carb ide  i s  o f g re a t 
in ^o rtance in  the  chem istry of iro n -c a rb o n -s ilic o n  a llo y s  and hence 
o f Fe-Si a lloys*  The con-positions o f the  Fe-Si-C a llo y s  in  equ ilib rium  
w ith  s i l ic o n  carb ide  and carbon may be e a s i ly  determ ined a t  d if f e r e n t  
tem peratu res, and i f  th e  f re e  energy of form ation of s i l ic o n  carb id e  i s  
known, the  a c t iv i t i e s  o f s i l ic o n  in  these  a llo y s  can be calcu lated*  
Chipman, P u lto n , Gokcen and Caskie(22) measured th e  a c t iv i ty  of s i l ic o n  
in  Fe-Si and Fe-C-Si a llo y s  independently  o f th i s  method, and over a 
wide range o f com positions by f in d in g  the  d is t r ib u t io n  o f s i l ic o n  between 
these  a llo y s  and imm iscible s i lv e r - s i l ic o n  alloys*  The s i l ic o n  a c t iv i ty  
measured by th i s  method a t  th e  con—o s it io n  in  equ ilib rium  w ith  s i l ic o n  
carb ide  and carbon agreed very  w ell w ith th e  value c a lc u la te d  from 
th e  data o f Humphrey e t  a l(S 5 ), on th e  f re e  energy o f s i l ic o n  carbide*
Due to  th i s  c lo se  agreement, the  s i l ic o n  a c t i v i t i e s  measured th e
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s i lv e r  d is t r ib u t io n  method appeared u n t i l  now to  be w ell es tab lish ed *
The value o f A  obtained shows th a t ,  a t  high s i l ic o n  co n te n ts ,
th e  s i l ic o n  a c t iv i t i e s  in  Fe-Si-C a llo y s  (and correspondingly  in  Fe-S i 
a llo y s)  must be h i ^ e r  than  had form erly been considered*
The e f fe c ts  of th e  new s i l ic o n  carb ide d a ta  in  th i s  f i e ld  w il l  be 
d iscussed  more f u l ly  in  P a r t II*
(2 ) The A c tiv ity  o f g l l i c a  in  S lags*
(a) L im e-S ilica S lags* In  F ig .22, the p lo t  o f ag a in s t
%iO^ obtained  a t  1550^0 from th e  p re sen t work has been shown, to g e th e r 
w ith  the  r e s u l t s  o f o th er workers* The s tan d ard  s ta te  of s i l i c a  fo r  
a l l  th ese  curves i s  yS- c r is to b a li te *
In  comparing th e  p resen t r e s u l t s  w ith those o f o ther w orkers, i t  
i s  u se fu l to  t r y  to  estim ate the probable accuracy of th e  a c t iv i ty  
values obtained* This i s  d i f f i c u l t ,  fo r  although th e  method i s  d i r e c t  
and does no t r e s t  on any assun—tio n s ,  th e  accuracy depends on se v e ra l 
fa c to rs  which vary from one measurement to  another* These are%-
( i )  Ten—e ra tu re  -  w ith in  th e  l im its  o f th e  ap p ara tu s , higher
tem peratures give higher accuracy by in c re a s in g  re a c tio n  
r a te s  and pressures*
( i i )  S lag v is c o s ity  -  more f l u id  s lag s give g re a te r  re a c tio n
ra te s*
( i i i )  S i l ic a  a c t iv i t i e s  -  h igh re a c tio n  p re s su re s , which a re
a sso c ia ted  w ith  high s i l i c a  a c t i v i t i e s ,  can be measured
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w ith g re a te r  accuracy than  low p re ssu re s , p rov id ing  th a t  th e  
tem perature co n tro l i s  made s u f f ic ie n t ly  a c cu ra te .
( iv )  Slag com position -  th e  f ix in g  of th e  s la g  com position, both 
by an a ly s is  and by c o n tro lle d  approach to  equ ilib rium , i s  o f 
g re a t im portance in  determ ining th e  accuracy where th e  a c t i v i t y -  
com position curve r i s e s  s te e p ly .
Considering th e  s c a t te r  in  du p lica te  r e s u l t s  a t  th e  lim e -rich  
end of th e  b inary  system a t  1550^0 in d iv id u a l a c t iv i ty  measurements 
a re  considered to  be accura te  to  w ith in  + 10 p er cen t in  th i s  reg io n  
At h igher s i l i c a  con ten ts th e  experim ental e r ro r  may be somewhat g re a te r ,  
s in ce  th e  e f f e c t  of g re a te r  r e a c tio n  p ressu res  i s  probably more than  
o f f s e t  by the d i f f i c u l ty  of f ix in g  th e  slag  com position ex ac tly  and 
ly  the  decreased  re a c tio n  r a t e s .  In  a d d itio n  to  th e  experim ental 
e r ro r s ,  th e re  may be a sm all system atic e rro r  due to  an e r ro r  i n  th e  
measurement o f th e  equ ilib rium  constan t fo r  th e  r e a c tio n . Although 
th i s  would in crease  th e  e r ro r  in  an in d iv id u a l measurement s l ig h t ly ,  
th e  smooth curve drawn through th e  mean o f the  experim ental p o in ts  a t  1550^0 
i s  s t i l l  considered to  be c o rre c t to  w ith in  + 10 p e r  c e n t.
I t  can be seen fro® F ig . 22 th a t  the  r e s u l t s  o f Fu lton  and Chipman 
(21) a re  belo\/ those of a l l  o th e r w orkers, and a re  w ell beyond th e  
proposed accuracy l im i ts  fo r  th e  p re sen t work. As was in d ic a ted  in  
Chapter 2 , the  probable reason  fo r  the  lowness o f  th ese  r e s u l t s ,  which 
were ob tained  by slag -m eta l equ ilib rium  measurements, i s  th a t  th e  
s i l ic o n  a c t iv i ty  values used by F u lton  and Chipman fo r  th e  c a lc u la tio n
% For s la g  CS.l the  r e s u l t s  ob tained  were 0 .109 , 0.090 and 0.103 a t  1550^  
and 0.105 and 0.112 a t  1500®C*
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of s i l i c a  a c t i v i t i e s  were too low. A rthu r(23) has shown th a t  th e  e x tra -  
»po la tio n  o f Chipman, F u lton , Gokcen and Caskie*s(22) r e s u l t s  to  h igher 
carbon conten ts was no t v a l id , bu t the  new s i l ic o n  carb ide  f r e e  energy 
in d ic a te s  th a t  th e  experim ental r e s u l t s  ob tained  by th e  s i lv e r  d i s t r i -  
$ bu t ion  method a re  a lso  in  e r ro r  over a f a i r l y  wide range of com position. 
F u lton  and Chipman* s values of agj^Q  ^ are  o f the same order as would 
be obtained  from th e  p re se n t r e s u l t s  i f  they  were c a lc u la te d  on th e  
b as is  o f the s i l ic o n  carb ide f re e  energy data  o f Humphrey e t a l . (2 5 ).
F u lton  and Ghipman* s values o f Q-siO^  in  the  CaO-SiCb system had 
form erly rece ived  support from Richardson* s(2) curve, which was c a lc u la te d  
from th e  fre e  energy d ata  on the  calcium s i l i c a t e s  assembled by 
^ ichardson , J e f f  es and W ithers (4 8 ). However, Fincham and R ichardson(l7)
have now withdrawn th e  p o rtio n  of th i s  curve below = 0 .5  in  th e
l ig h t  o f th e i r  measurements on th e  sulphide c a p a c it ie s  of CaD-SiCh s la g s . 
The curve based on the  l a t t e r  work can be seen from F ig .22 to  be con-
% sid e rab ly  h igher than  th a t  in d ic a te d  by the p re se n t work, as i s  th e
p o rtio n  of Richardson* s ( 2) o r ig in a l  curve above N«.q = 0 .5 .
2
As shown in  F ig . 22, much b e t te r  agreement e x is ts  between th e  
p resen t a c t iv i ty  values and those  o f C arter and Mac f a r  lane ( 18 ) .  The 
l a t t e r  were c a lc u la te d  from lim e a c t iv i t i e s  by th e  Gibbs-Duhem r e la t io n ,  
th e  lime a c t iv i t i e s  being obtained  from slag -gas equ ilib rium  measure- 
»ments on th e  re ac tio n » -
(CaO)’ + &% = (CaS) + ......................... (6)
In  order to  c a lc u la te  th e  a c t iv i ty  of lime from th e  experim ental r e s u l t s ,
a knowledge of the a c t iv i ty  o f calcium sulphide was necessary , and th e
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assumption was used th a t  th e  v a r ia t io n  o f ag^^g w ith  ^  CaS would be 
s im ila r  fo r  a l l  th e  slags u sed , fo llow ing Henry* s Law in  d i lu te  so lu tio n  
but ex h ib itin g  negative d ev ia tio n  from Henry* s Law as  s a tu ra tio n  i s  
approached. The c lo se  agreement of th e  s i l i c a  a c t iv i ty  curve thus 
obtained w ith th e  p resen t one lends support to  th e  v a l id i ty  o f  th i s  
assum ption.
Comparison of C arter and Macfarlane* s work w ith th a t  of Fincham 
and R ich ard so n (l7 ), in  which a very s im ila r  experim ental technique was 
used , i s  made d i f f i c u l t  by th e  f a c t  th a t  th e  l a t t e r  workers assumed a 
value o f 5 fo r  CaS whereas C arte r and M acfarlane used values of 
^  CaS o f about 12# D iffe re n t f re e  energy d a ta  were a lso  used fo r  
th e  c a lc u la tio n  o f  the  su lp h u ris in g  p o te n t ia l  o f th e  gas mixtures# 
Experim entally th e  two se ts  o f  da ta  agree f a i r l y  c lo se ly , but C arter and 
M acfarlane( 18) appear to  have covered the  com position range from 
%iQa “  C#42 to  = 0#5 more f u l ly  than  did  Fincham and Richardson
(1 7 ).
I t  i s  d i f f i c u l t  to  assess  the  probable accuracy o f Chang and 
Derge* s ( l3 )  s i l i c a  a c t i v i t i e s ,  which were determ ined by e lec tro -rao tiv e - 
fo rc e  measurements* The experim ental d i f f i c u l t i e s  o f th i s  method 
were found to  be con sid erab le , and i t  was im possib le to  e s ta b lis h  th e  
c e l l  r e a c tio n  w ith  any degree of c e r ta in ty . In  a d d itio n  th e  i s o ­
a c t iv i ty  l in e s  which they  ob tained  in  the  GaO-AlsQg -8iOg system do not 
conform to  the  d ire c tio n  expected from th e  slope o f  the  s i l i c a  s a tu ra -  
t t i o n  curve, and although th is  anomaly may only be connected w ith th e  
presence of alumina in  the  s la g , l i t t l e  re l ia n c e  can be placed  on th is
73.
method u n t i l  th e  reason  fo r  i t  i s  known. ^he values ob ta ined  by them 
in  th e  GaO-SiOg b inary  are  shown in  F ig . 22, and can be seen to  be 
considerab ly  h igher than  th ese  in d ic a te d  by th e  p resen t work.
Sanbongi and 0htan i(24) measured th e  s i l i c a  a c t i v i t i e s  of 
CaO-SiQa s la g s  sa tu ra te d  w ith GasSiOa. a t  1550, 1600 and 1650°G. The 
th re e  r e s u l t s  obtained have been p lo t te d  on F ig . 19. The re a c tio n  used
fo r  the  measurements was»-
(SiO^) + 2Hg = S i + 2% 0............ .......................................... (7)
Values o f a^^ in  F e-S i a llo y s  were f i r s t  determined by using  pure s i l i c a  
in  th i s  re a c tio n , and measuring the  s i l ic o n  con ten t of th e  m etal fo r  
d if fe re n t  % / p % o  r a t i o s .  The values of found in  th i s  way were 
then  used to  in te rp r e t  th e  r e s u l t s  obtained u sin g  a l im e -s i l ic a  s lag  
in s te a d  of pure s i l i c a .  However, in  more rece n t p ap e rs (4 9 ) ,(5 0 ) , th e  
au thors have obtained d if fe re n t  values o f ag^  ^ in  F e-S i a llo y s  by E.M.F. 
measurements, so th a t  g rea t re lia n c e  cannot be p laced  on th e i r  values
®SiCb*
In  lim e -rich  s lag s agreement o f  the  p resen t curve w ith th e  
estim ated  curve of Rey(7) i s  good, but a t h i ^ e r  s i l i c a  con ten ts th e  
two curves diverge considerab ly . ^&irray and White* s(6 ) c a lc u la te d  curve 
shows s l ig h t ly  higher s i l i c a  a c t i v i t i e s  than  th e  p re sen t work throughout 
alm ost the  whole range of com positions. However, i n  view of th e  
semi-i OTçiirical na tu re  o f both th ese  methods o f es tim atin g  s i l i c a  
a c t iv i t i e s ,  more exact agreement could not be expected than  th a t  ob ta ined  
w ith Murray and White* s curve.
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Summarising th e  comparison of th e  data shown in  Fig.22 # i t  can 
be seen th a t  th e  s i l i c a  a c t iv i ty  values ob tained  by the p resen t method 
a re  in  good agreement w ith the most re c e n t experim ental r e s u l t s  o f 
C arte r and M acfarlane(lS ). Fincham ahd Richardson* s (17) curve i s  
somewhat h igher than  th e  p resen t r e s u l t s ,  but F u lton  and Chipman* s (2l )  
values a re  very much lower than  them, and are  a lso  much lower than  a1 _T 
the  estim ated  s i l i c a  a c t iv i ty  curves. The f a c t  th a t  the  p resen t 
r e s u l t s ,  ca lcu la te d  on th e  b as is  o f th e  new s i l ic o n  carb ide d a ta , a re  
o f the  same order as those of a l l  o ther workers except Fulton  and Chipman, 
lends support to  the  new f re e  energy data  fo r  s i l ic o n  ca rb id e .
The agreement o f the p resen t work w ith th a t  o f  G arter and 
M acfarlane ( i s )  means th a t  the p resen t work would le ad  to  the  same values 
fo r  the  f r e e  energ ies of mono- and dicalcium  s i l i c a t e s  and fo r  th e  f re e
energy curve fo r  l im e - s i l ic a  m elts as were c a lc u la te d  by th e se  w orkers.
(b) Lim e-Alum ina-Silica S lags. The s i l i c a  a c t iv i t i e s  measured 
in  th e  s ix  s lag s  con tain ing  20 p er cen t alumina a t  ISOO^C a re  shown in  
F ig .23, and te n ta t iv e  i s o - a c t iv i ty  l in e s  have been drawn in  from th ese  
r e s u l t s  to g e th e r w ith  those ob ta ined  in  the  b inary  y  stem. - The 
approximate p o s it io n  o f th e  l in e s  i s  f a i r l y  w ell e s ta b lish e d  but values 
a t  10 and 30 per cen t alumina would be req u ired  to  decide the
curvatu re  of th e  i s o - a c t iv i ty  l in e s  accu ra te ly . ^
#  One a d d itio n a l r e s u l t  was ob tained fo r  the purposes described in  
P a r t  I I ,  and i t  was found th a t  a s la g  con ta in ing  28 p er cen t SiCfe,
30 per cen t CaO and 42 per cen t AI2Q3 had a s i l i c a  a c t iv i ty  o f 0.106 
a t  1500°C. This r e s u l t  has been shown in  F ig .23 , and has allowed 
fu r th e r  ex tra p o la tio n  o f th e  i s o - a c t iv i ty  curves in  th i s  reg io n .
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Approximate s i l i c a  a c t i v i t i e s  c a lcu la te d  by M acfarlane (l9 ) froia 
measurements of th e  sulphur c a p a c itie s  o f  CaO-AlgQj-SiQg s la g s  are a lso  
shown on Fig#23. . The curves ob ta ined  ty  th e  l a t t e r  method can be seen 
to  slope upwards more quickly th an  those  in d ic a te d  by the  p resen t work* 
In  view of th e  e x c e lle n t agreement between the two methods i n  the b in a ry  
system, and th e  f a c t  th a t  no a d d itio n a l assumptions were necessary in  
the  measurement o f in  th e  te rn a ry  system, i t  would seem prcbable
th a t  the d iscrepancy between the  two s e ts  of d a ta  a r is e s  from the method 
of c a lc u la tin g  asiQ^ ^ a O  te rn a ry  system# This was done
by assuming th a t  th e  a c t iv i ty  o f alumina would be co n stan t along l in e s  
of constan t then using  th e  Gibbs-Duhem equation  to  ca lcu la te
s i l i c a  a c t iv i t i e s  from lim e a c t iv i t i e s  along th e se  lines#  As p in te d  
out by M acfarlane th e  assumption made i s  u n lik e ly  to  be s t r i c t l y  c o rre c t 
due to  th e  f a c t  th a t  s i l i c a  has a g rea te r  a f f i n i t y  fo r  lim e than has 
lime fo r  alumina# ^ h is  approximate method o f c a lc u la tin g  Q-SiO^  in  
the te rn a ry  system, th e re fo re , y ie ld s  minimum values# The present work 
does, in  f a c t ,  in d ic a te  h igher values of i n  the  te rn a ry  sytem
and can, th e re fo re , be taken as g iv ing  the more r e l ia b le  o f th e  ;wo 
se ts  o f data  w ithout in v a lid a tin g  the  values o f a^^Q ob ta ined  ty  
M acfarlane(l9)#
Although i t  i s  considered that the values o f ag^ used by ?ulton 
and Chipman(2l) are in  error, the d irections o f th e ir  i s o - s i l i c a  
a c t iv ity  curves in  the ternary system, being merely curves of constant 
s il ic o n  content in  the metal^ should be re liab le#  Fulton and Cipman* s
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eqtiiübritu ii e x is ts  fo r  the  two s la g  com positions marked in  Fig# 24*
The c a lc u la te d  values of = - i — a t  1600®C and 1700^0 a re  0.23
^1% %
and 0#03 re sp e c tiv e ly , and the  corresponding s la g  conpositions found 
by Fulton  and Chipman are  a lso  shown in  Fig#24# In  c o n tra s t to  th e  
1500^0 r e s u l t s ,  the values o f Q-s î Qj ob tained a t  1600°G and 1700^0 can 
be seen to  be in  ex c e llen t agreement w ith  the  p re se n t work.
In  view of the f a c t  th a t  s i l i c a  a c t i v i t i e s  in  th e  CaO-SiQg system 
are  now f a i r l y  w ell e s ta b lish e d  as being much h i ^ e r  than  F u lton  and 
Chipman* s v a lu es , and th a t  th e  d ire c tio n s  of th e  i s o - a c t iv i ty  l in e s  a re  
w ell f ix e d , th e re  i s  good support fo r  the  p re se n t values o f  agj^Q  ^
in  th e  te rn a ry  system# Unless th e re  i s  a  very  la rg e  tem perature 
g rad ien t in  s i l i c a  a c t i v i t i e s , th e  f a c t  th a t  F u lton  and Chipman* s 
equilib rium  measurements a t  1600®C and 1700®C agree so w ell w ith  th e  
p resen t s i l i c a  a c t iv i ty  values mean th a t  th e i r  measurements a t  1500^C 
must be wrong# ^h is  follow s because i f  th e  f r e e  energy of form ation 
of s i l ic o n  carb ide i s  a l te re d  to  give reasonable s i l i c a  a c t i v i t i e s  
a t  1500^0, then  the s i l i c a  a c t i v i t i e s  measured a t  1600®C and 1 7 0 0 ^  
would be made much lower than appears to  be possib le#
Although Fulton  and Chipman* s measurements a t  1600®C and 1700®C 
would be expected to  be more accu ra te  than  those  made a t  ISOO^C due to  
the  higher re a c tio n  r a t e s ,  such a la rg e  d iscrepancy between them i s  
unexpected# However, i t  can be seen from F u lton  and Chipman* s curves 
showing th e  s i l ic o n  content o f th e  m etal p lo t te d  a g a in s t th e  s i l i c a  
con ten t o f the  s la g  a t  1500^C* th a t  these  curves do not e s ta b lis h  
s a tu ra tio n  w ith  s i l ic o n  carb ide a t  a l l  conclusively# S a tu ra tio n  w ith
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s i l ic o n  carb ide  occurs when th e  s i l i c o n  content o f th e  m etal reaches 
about 23 p er c e n t, but the com position o f th e  s la g  in  equ ilib rium  w ith  
t h i s  m etal com position has been obtained  by considerab le  e x tra p o la tio n  
o f a  curve which i s  poorly  defined  ty  th e  experim ental points# S ince 
th e  two l in e s  approach each o ther a t  an acu te an g le , a s l ig h t  e r ro r  in  
e x tra p o la tio n  may le ad  to  q u ite  a la rg e  e r ro r  i n  f ix in g  the  p o in t a t  
which they  meet# I t  i s  now considered  th a t  th e  two l in e s  do no t meet, 
and hence th a t  a t  1500^0 th e re  i s  no s la g  in  eq u ilib rium  w ith a carbon- 
sa tu ra te d  Fe-Si-C a llo y  con ta in ing  23 per cent s i l ic o n  when the  carbon 
monoxide p ressu re  i s  1 atmosphere.
In  c o n tra s t to  th e  r e s u l t s  a t  1500^0, th e  curves a t  1600®C and 
1700°C do e s ta b lis h  the  s lag  com positions in  eq u ilib riu m  w ith s i l ic o n  
carb ide  q u ite  accurately# The l in e s  are  w ell defined  by th e  experim ental 
p o in ts ,  and they  approach th e  s i l ic o n  carb ide s a tu ra tio n  com position 
a t  a wide an g le , so th a t  th e re  i s  a much sm aller margin of e r ro r  in  
f ix in g  th e  corresponding s lag  com positions.
The agreement between th e  s lag  a c t iv i t i e s  c a lc u la te d  i n  th is  way 
a t  1600®C and 1700®C w ith th e  r e s u l t s  o f th e  p re se n t work, means th a t  
F u lton  and Chipman have e s ta b lish e d  th e  same equ ilib rium  as was used in  
th e  p resen t work, by u sing  an open crucib le#  This i s  added proof th a t  
the p re sen t r e s u l t s  have not been a f fe c te d  by s i l ic o n  monoxide d iffusion#
Aq was shown by the p re se n t work re a c tio n  r a te s  a re  much lower 
w ith  v iscous s lag s near s i l i c a  s a tu ra tio n  than  w ith  more basic  s la g s , 
and th is  has probably prevented  Fulton  and Ghipman from n o tic in g  th e  
d iscrepancy in  th e  s i l ic o n  carb ide  f re e  energy d a ta , which should have
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been apparent from th e i r  experim ents a t  1500°C. The p re sen t method 
o f using  changes in  carbon monoxide p ressu re  to  e s ta b lis h  th e  e q u ilib -  
»rium i s  much more s e n s itiv e  than  F ulton  and Ghipman* s method, in  which 
changes in  the  s i l i c a  content o f the  s lag  and th e  s i l ic o n  content o f 
th e  m etal had to  be follow ed to  e s ta b lis h  the  equ ilib rium  co n d itio n s .
I t  can thus be seen th a t  the  p re sen t r e s u l t s  a re  in  good agreement 
w ith th e  values in d ica ted  by th e  previous experim ental d a ta , inc lud ing  
th e  most accu ra te  measurements o f Fu lton  and Chipman a t  1600^0 and 
1700*G. Q u a li ta t iv e ly  i t  has been found (as can be seen by comparing 
F ig s .19 and 20) th a t  a t  s i l i c a  con ten ts above 65 p er cen t replacem ent 
of lime by alumina on a weight fo r  w eight b a s is  decreases the  s i l i c a  
a c t iv i ty ,  w hile below 65 per cent s i l i c a  th e  re v e rse  i s  t ru e . In  
s lag s con ta in ing  20 per cen t alum ina, s i l i c a  a c t i v i t i e s  were found to  
decrease w ith in c reas in g  tem perature where th e  s i l i c a  conten t was above 
40 per cen t. Below th i s  s i l i c a  conten t no change w ith  tem perature 
was apparen t.
PâRT II.
THE ACTIVITY OP SILICON IN IRON-CARBON-SILICON 
ALLOYS AND THE REACTION (SiCl3)+2C = 81+200.
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INTRODUCTION.
I t  was shown in  P a r t I  th a t  i t  would be p o ss ib le  to  c a lc u la te  
s i l i c a  a c t i v i t i e s  in  CaO-AlgCb-SiOg s lag s  from th e  s lag -m eta l equ ilib rium  
data o f F u lton  and Chipman(2l) i f  th e  a c t iv i ty  o f s i l ic o n  in  carbon 
sa tu ra te d  iro n -c a rb o n -s ilic o n  a llo y s  were known. The work o f A rthur(23) 
had appeared to  show th a t  th e  ex tra p o la tio n  made by F u lton  and Chipman 
o f the  data o f  F u lto n , Chipman, Gokcen and Caskey(22) on th e  a c t iv i ty  
o f s i l ic o n  in  Fe-Si-C a llo y s  was in a ccu ra te , and would lead  to  s i l ic o n  
a c t iv i t i e s  in  ca rb o n -sa tu ra ted  a llo y s  which were too  low.
Since the  data  ob tained  bÿ A rth u r(23) were in s u f f ic ie n t ly  complete 
to  allow  th e  necessary s i l ic o n  a c t iv i t i e s  to  be ca lc u la te d  ac cu ra te ly  
i t  was decided to  attem pt to  measure th e  a c t iv i ty  o f s i l ic o n  in  th ese  
a llo y s  by an independent method. This was in tended  to  provide an 
a l te rn a tiv e  approach to  th e  measurement of s i l i c a  a c t iv i t i e s  in  s la g .
Both th e  iron -carbon  and i ro n -s i l ic o n  b inary  systems e x h ib it 
stro n g  negative dev ia tio n s fi*om id e a l i ty  due to  th e  strong a t t r a c t iv e  
fo rces  between Fe-C and Fe-S i atoms. The e f f e c t  o f th e  ad d itio n  o f 
carbon to  an Fe-S i a llo y  i s  to  r a is e  th e  a c t iv i ty  o f s i l ic o n ,  probably 
due to  th e  com petition between s i l ic o n  and carbon atoms fo r  p o s itio n s  
o f low energy in  th e  l a t t i c e .  The e f f e c t  of carbon on th e  a c t iv i ty  
c o e f f ic ie n t o f s i l ic o n  may be expressed e i th e r  by an in te ra c tio n  
c o e f f ic ie n t % or by th e  use o f an eq u iv a len t mole f ra c t io n  N 
The value o f  ^  i s  ob tained  from th e  re la tio n s h ip » -
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S i = ^  S i *  '6  S i
where ^  i s  th e  a c t iv i ty  c o e f f ic ie n t  of s i l ic o n  in  the  te rn a ry
so lu tio n ,
V/ S iand Q i s  th e  a c t iv i ty  c o e f f ic ie n t o f th e  same mole f r a c t io n
o f  s i l ic o n  in  th e  b inary  Fe-5Si system.
In  th e  a l te rn a t iv e  trea tm en t, which i s  th a t  used in  th e  p re sen t
G
work, th e  s i l ic o n  equ ivalen t p f carbon, Ng^ i s  defined  by the equation» 
where N„. i s  the  mole f r a c t io n  o f s i l ic o n  in  th e  te rn a ry  a l lo y
wo.
and i s  th e  mole f r a c t io n  of s i l ic o n  in  th e  b inary  Fe-S io l
system having th e  same value of a c t iv i ty  c o e f f ic ie n t ,
^  Si> SIS th e  te rn a ry  a l lo y .
To make use o f e i th e r  o f these  convenient methods, an accu ra te  
knowledge of th e  a c t iv i ty  of s i l ic o n  in  th e  i r o n - s i l ic o n  b inary  system 
i s  necessary .
The data on the  i r o n - s i l ic o n  system which appeared most r e l i a b le  
were those  of Chipman, F u lton , Gokcen and Caskey(22). These data were 
obtained  by measuring th e  d is t r ib u t io n  of s i l ic o n  between im m iscible 
Ag-Si and Fe-S i a l lo y s , th e  a c t iv i ty  of s i l ic o n  in  both phases being 
equal a t  equ ilib rium . I t  was p o ss ib le  to  es tim a te  th e  a c t iv i ty  o f 
s i l ic o n  in  th e  Ag-Si a llo y s  over the necessary  ran g e , and a check on 
th e  a c t iv i ty  o f s i l ic o n  a t  h igh values o f in  th e  Fe-S i system could
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be ob tained  by c a lc u la tio n  firom th e  Fe-S i phase diagram. The values
o f ob ta ined  ly  both methods were in  q u ite  good agreement, and th e
curve a lso  appeared to  be confirmed by data  on th e  equilib rium  of s i l ic o n
carb ide w ith ca rb o n -sa tu ra ted  Fe-SSi-C a l lo y s . In  th e i r  work on Fe-Si-C
a llo y s , u sin g  th e  s i lv e r  d is t r ib u t io n  method, Chipman, F u lton , Gokcen
and Caskey had found th a t  s i l ic o n  and carbon were equ ivalen t on a mole
G
f ra c t io n  b a s is ,  th a t  i s  On th i s  b a s is  both b inary  and te rn a ry
a llo y s  should be rep resen ted  ly  a s in g le  l in e  i n  a p lo t  o f th e  a c t iv i ty  
c o e ff ic ie n t o f s i l ic o n  ag a in s t In  th e  course o f th e  ex p e ri-
iments described  in  P a r t I  i t  became c le a r  th a t  the  f re e  energy equation  
fo r  s i l ic o n  carb ide  derived from th e  data  of Humphrey, Todd, Coughlin 
and King(25) (which were used by Chipman e t  al.(22)) was in  e rro r  by 
q u ite  a la rg e  amount. The e f f e c t  o f the  change from th is  l a t t e r  f re e  
energy equation  to  th e  one derived  in  P a r t  I  i s  shown in  F ig .25, where 
log  to ô i  ^ 8  been p lo tte d  a g a in s t Nq + Whereas th e  former s i l ic o n
carb ide d ata  had given a p o in t alm ost ex ac tly  on th e  independently  
determined b inary  a c t iv i ty  c o e f f ic ie n t  curve, th e  new data give a very  
much h igher a c t iv i ty  c o e f f ic ie n t  a t  th e  same com position,6ince the  a llo y  
in  equ ilib rium  w ith carbon and s i l ic o n  carb ide  a t  1420*^ G con tains only 
about 0.3% carbon, th e  c o rre c tio n  fo r  the  e f f e c t  o f carbon on th e  
a c t iv i ty  c o e f f ic ie n t  of s i l ic o n  i s  very sm all f o r  th is  a l lo y . Conse- 
$ quently  th e  s i l ic o n  carb ide s a tu ra tio n  p o in t v i r tu a l ly  f ix e s  a p o in t 
on the  a c t iv i ty  c o e ff ic ie n t curve fo r  the  Fe-S i system, so th a t  the  
b inary curve obtained by Chipman, F u lto n , Gokcen and Caskey(22) a t  th is
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p o in t must be considerab ly  in  error#
As i t  i s  im possible to  determ ine accu ra teJy  the e f f e c t  o f carbon 
on th e  a c t iv i ty  c o e ff ic ie n t of s i l ic o n  w ithout accu ra te  d a ta  on the  
a c t iv i ty  of s i l ic o n  in  Fe-S i a l lo y s ,  th e  p re se n t experim ental work was 
d iscontinued  as a method of making use of s lag -m eta l equ ilib rium  data  
to  c a lc u la te  s i l i c a  a c t iv i t i e s  in  slags# However, since some degree 
o f success was obtained  w ith the  experim ental method of measuring s i l ic o n  
a c t iv i t i e s  before i t  was d iscon tinued , and s in ce  i t  i s  p o ss ib le  to  use 
th e  s la g  a c t iv i t i e s  ob tained in  P a r t  I  to  o b ta in  some s i l ic o n  a c t iv i t i e s  
by the  rev erse  c a lc u la tio n , i t  has been p o ss ib le  to  draw te n ta t iv e  
conclusions as to  the  shape of th e  a c t iv i ty  c o e f f ic ie n t  curve fo r  
s i l ic o n  in  Fe-Si a l le y s  and to  es tim ate  the  approximate e f f e c t  o f 
carbon on th a t  co e ffic ien t#
(2) EXPERII-ISNTAL MEASÜREimT OF SILICON ACTIVITIES#
The method used fo r  the  measurement o f s i l ic o n  a c t iv i t i e s  in  
carbon sa tu ra te d  iro n -s ilic o n -c a rb o n  a llo y s  was somewhat s im ila r  in  
p r in c ip le  to  th a t  used in  P a r t  I  to  measure s i l i c a  a c t iv i t i e s  in  slags#
In  th i s  case equ ilib rium  was e s ta b lish e d  between s i l ic o n  d isso lv ed  in  
th e  m etal, carbon, s i l i c a  and a measured p ressu re  o f carbon monoxide, 
according to  the  reac tio n * -
81% + 20 = S i + 200  ( l )
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The standard  f re e  energy change o f th i s  re a c tio n  may be obtained from 
th e  f re e  energy data fo r  s i l i c a  and carbon monoxide given in  P a r t  I ,  
Chapter 3# I t  i s  found to  bet
A g“ = 162,600 -  87.7 1. 
from which we o b ta in  »-
lo g  K = 19.17 -
10 1 J
In  the presence of pure s i l ic o n  and g ra p h ite , %  = ^Si^^CO* (^Si 
r e fe r re d  to  a standard  s ta te  of pure l iq u id  s i l i c o n ) ,  so th a t  may 
be found d ir e c t ly  by measuring th e  equ ilib rium  carbon monoxide p re ssu re  
o f  th e  system a t  any su ita b le  re a c tio n  ten^jerature#
The e x p e r i m e n t a l  r u n s  w e r e  c a r r i e d  o u t  i n  a m o ly b d e n u m - T J O u n d  
f u r n a c e  o f  t h e  d e s i g n  s h o w n  i n  Fig# 26.
Since th e re  i s  a p o s s ib i l i ty  of some e r ro r  in  th e  re a c tio n  
p ressu re  measurements due to  s i l ic o n  monoxide d if fu s io n  (due to  th e  
e f fe c ts  d iscussed  in  P a r t I ,  Chapter 3 ) , i t  would have been p re fe ra b le  
to  ca rry  out th e  experiments u sin g  a c losed  g rap h ite  crucible# However, 
th e  n ec e ss ity  o f sangling  th e  m etal w hile molten made th is  im practicable# 
The c ru c ib le  used i s  shown in  Fig# 27> th i s  design was found to  give 
th e  b es t co n tac t between th e  l iq u id  m etal and both the  s i l i c a  r in g  and 
the  g rap h ite  crucible# The s i l i c a  r in g  was formed by baking in to  
p o s it io n  a p as te  made by mixing a l i t t l e  w ater g la ss  w ith crushed quartz# 
The in s id e  rim  o f the  c ru c ib le  was curved to  f a c i l i t a t e  sampling#
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The apparatus was found to  opera te  most su c ce ss fu lly  a t  p ressu res  
o f 1 -  1.75 atm ospheres, and th e  m etal com positions and tem peratures 
o f th e  runs were u su a lly  ad ju s ted  to  give p ressu res  in  th i s  range.
The te n ^ e ra tu re s  used v a ried  from 1375^0 to  1500®C.
The m etal charges were made up by p rem elting  i ro n - s i l ic o n  a llo y s  
(made from Armco iro n  and 98.5 p e r cen t pure s i l i c o n ) ,  and then  s a tu r -  
la t in g  th e se  a llo y s  w ith carbon by h ea tin g  in  a g rap h ite  c ru c ib le  in  a 
high-frequency induc tion  fu rn ace . I t  was found p re fe rab le  to  use only 
homogeneous m etal samples in  the  c ru c ib le , as mixing o f d if fe re n t  a llo y s  
was found to  be very slow.
The equ ilib rium  p ressu re  was measured by observing the  p re ssu re  
changes on a manometer when th e  furnace tem perature was held  co n stan t.
The furnace atmosphere was p u r if ie d  se v e ra l tim es during  a run  by 
f lu sh in g  ou t w ith cy lin d er carbon monoxide. U nless th i s  p recau tio n  was 
tak en , n itro g en  was found in  th e  furnace gas. This was presumably due 
to  th e  same causes as were given in  P a r t I ,  Chapter 4 , fo r  th e  presence 
o f  n itro g en  during the s lag  a c t iv i ty  measurements.
In  e a r l ie r  runs an a ttem pt was made to  e s ta b l is h  the  equ ilib rium  
com position of th e  m etal fo r  a f ix ed  carbon monoxide p ressu re  by 
observing th e  changes in  s i l ic o n  conten t of th e  m etal when th e  re a c tio n  
p ressu re  was m aintained a t  th e  d es ired  value . However, th is  method was 
found to  be too time-consuming to  y ie ld  a reaso n ab le  number of r e s u l t s ,  
and th e  quicker procedure o f measuring th e  r e a c t io n  p ressu re  fo r  a 
f ix e d  m etal com position was th e re fo re  adopted. When th e  equ ilib rium
86.
had been reached by approach from th e  high and low p ressu re  d ire c tio n s , 
th e  se a l on the  top of the furnace tube was qu ick ly  opened and a m etal 
sample was drawn by suc tion  in to  a s i l i c a  tube . This sample was analysed  
g rav im e tr ic a lly  fo r  carbon and s i l ic o n .  The tim e req u ired  to  e s ta b l is h  
th e  equilib rium  was u su a lly  in  th e  range 6-12 hours.
The r e s u l t s  obtained a re  shown in  Table XIV.
(3) DISCUSSION OF RSSDLTS»
As was shown p rev io u sly , th e  exact in te rp r e ta t io n  o f s i l ic o n  
a c t iv i ty  data  in  th e  Fe-Si-C system i s  im possible w ithout an accu ra te  
knowledge of the  a c t iv i ty  o f s i l ic o n  in  th e  F e-S i system. However, 
th e  o ^ e rim e n ts  o f  Chipman, F u lto n , Gokcen and G askie(22), and o f 
0htani(50) have in d ic a te d  th a t  carbon and s i l ic o n  a re  approxim ately 
equ ivalen t on a mole f ra c t io n  b a s is . The former work was c a rr ie d  out 
by the s i lv e r  d is t r ib u t io n  experiments already  d esc rib ed , and the  l a t t e r  
work was done by E.M.F. measurements on a c e l l  of the  type Fe-SirC a llo y  
/ s i l i c a t e  s l a g /  l iq u id  s i l ic o n .  Although the  measurements d isag ree  as 
to  the  values of the a c t iv i ty  c o e ff ic ie n ts  and th e i r  accuracy i s  d i f f i c u l t  
to  a s s e s s , th e  f a c t  th a t  both s e ts  of data show th a t  carbon and s i l ic o n  
a re  equ ivalen t in  th i s  way, means th a t  th i s  may be taken  as a f i r s t  
approxim ation.
Equivalence of s i l ic o n  and carbon on a mole f ra c t io n  b as is  means 
th a t  a so lu tio n  in  which Ngj_ = x and = y , w i l l  have the  same e i l ic o n  
a c t iv i ty  c o e f f ic ie n t as a b inary  Fe-Si a llp y  in  which = x + y .
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Â p lo t  o f V ag a in s t + Nq ob tained  from te rn a ry  a llo y s  should th u s  
co incide w ith  th e  p lo t  of a g a in s t Ng  ^ in  th e  b inary  system.
The com position of th e  Fe-Si-C a l lo y  in  equ ilib rium  w ith s i l ic o n  
carb ide and g rap h ite  a t  15CX)®C iras measured in  th e  p re sen t work by two 
long runs in  which Fe-S i a llo y s  con ta in ing  i n i t i a l l y  more than 26 p er 
cen t s i l ic o n  were soaked in  a carbon c ru c ib le  a t  1500®C u n t i l  t h e i r  
com position had become co n s tan t. ^he r e s u l t s  ob ta ined  a re  shown in  
Table XV, in  comparison w ith th e  r e s u l t s  o f o th er w orkers.
TABUS XV.
Compositions in  equ ilib rium  w ith  g rap h ite  and SiC.
t*G ^ i Note
1500*G 23.2 0.25 P resen t work.tt 24.1 0.34 8 8
1540*0 23.6 0.26 Ohtani (50)
8 24.0 0.30 n ft
1690 23.7 0.47 Ghipman e t  a l (22)
1600 23.1 0 .41 8
1490 22.4 0.33 U
1420 21.9 0.28 n
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As can be seen from Table XV, agreement i s  good and th e  com positions
a re  now considered  to  be w ell es tab lish ed #  The value of a  in  a llo y s
S i
o f th ese  con^ositions can be c a lc u la te d  from th e  d ata  on th e  f re e  energy 
o f s i l ic o n  carb ide obtained in  P a r t I ,  and th e  values of lo g  ^  so 
ob tained  a t  1420, 1500 and 1600*0 have been p lo t te d  a g a in s t + Nq in  
Fig#25. The value of l o g ^  c a lc u la te d  from th e  f r e e  energy data 
Humphrey e t  a l(2 5 )^  fo r  1420*0 has a lso  been shown on F ig .25. Since 
th e  c o rrec tio n  fo r  th e  carbon con ten t in  th ese  a llo y s  i s  sm all, th e  p o in ts  
ob tained  from th e  p resen t data a re  considered  to  l i e  very  c lo se  to  th e  
tru e  b inary  a c t iv i ty  c o e ff ic ie n t curve fo r  the  F e-S i system*
One p o in t on th e  b inary  curve can a lso  be f ix e d  f a i r l y  a c cu ra te ly , 
from data given by A rthur(23) and T ^ lo r ( 5 l ) ,  who found th a t  a s la g  of 
com position 30 p er cen t lim e 28 p er cen t s i l i c a  and 42 p er cen t alumina 
was in  equ ilib rium  a t  1500*0 w ith a carbon sa tu ra te d  a l lo y  con ta in ing  
17.4 p e r cen t s i l ic o n  and 0 .8  p er cen t carbon. The a c t iv i ty  o f s i l i c a  
in  th i s  s la g  a t  1500*0 was measured by th e  method described in  P a r t I ,  and 
^SiQa found to  be 0.106. From th i s  r e s u l t  Ug^ in  th e  a l lo y  can be 
c a lc u la te d , and th e  value o f lo g ^  g^ so obtained  has been shown in  F ig .25 . 
As w ith th e  p o in t f ix ed  by th e  s i l ic o n  carb ide eq u ilib riu m , th is  p o in t 
should l i e  vary close to  th e  a c t iv i ty  c o e f f ic ie n t  curve fo r  th e  b inary  
system, s in ce  th e  c o rre c tio n  fo r  carbon con ten t i s  sm all. The approxim ate 
s i l ic o n  a c t iv i ty  c o e ff ic ie n t curve has been shown on F ig .2 5 , in  so f a r  
as i t  can be fix ed  by th e se  two p o in ts ,  and i t  can be seen th a t  t h i s  new 
curve i s  much s teep er in  th e  reg io n  = 0 .30  -  0*37 than th a t  ob ta ined  
by Ohipman e t  al^(22).
89.
A p o ss ib le  reason  fo r  th e  e r ro r  in  th e  l a t t e r  r e s u l t s ,  which 
were ob tained  by th e  s i lv e r  d is t r ib u t io n  method, i s  th e  presence o f 
s i lv e r  in  th e  i r o n - s i l ic o n  phase. I t  was found th a t  the  s i lv e r  con ten t 
o f th i s  phase ro se  from 0 .2  p er cen t a t  low s i l ic o n  con ten ts  to  3 .5  per 
cen t in  iro n  con ta in ing  38 per cen t s i l ic o n . From th is  in c rease  in  
s o lu b i l i ty  i t  follow s th a t  the  presence of s i l ic o n  in  iro n  must lower 
th e  a c t iv i ty  c o e ff ic ie n t o f s i l v e r ,  and i t  would th e re fo re  be expected 
th a t  s i lv e r  would lower th e  a c t iv i ty  c o e f f ic ie n t o f s i l ic o n .  The 
magnitude of th i s  e f f e c t  i s  not known, but i t  could be determ ined by 
measuring th e  com position o f th e  Fe-Si-C-Ag a llo y  in  equilib rium  w ith  
s i l ic o n  ca rb id e , g raph ite  and s i lv e r .  A considerab le  in c re ase  in  th e  
s i l ic o n  content over th a t  found in  the absence o f s i lv e r  would in d ic a te  
th a t  s i lv e r  does m a te r ia lly  decrease th e  a c t iv i ty  c o e f f ic ie n t  o f 
s i l ic o n  in  iron* I f  th i s  e f f e c t  has caused th e  e r ro r  in  th e  s i lv e r  
d is t r ib u t io n  r e s u l t s ,  the r e s u l t s  obtained a t  low s i l i c o n  contents 
should s t i l l  be f a i r l y  accu ra te .
The values of l o g ^  ob ta ined  from th e  p re se n t work have a ls o
been p lo t te d  a g a in s t % + on F ig .2 5 , and i t  can be seen th a t  they
do not f i t  i n  w ell w ith the  te n ta t iv e  new b inary  curve when p lo t te d  
in  th i s  way* Since the experim ental p o in ts  l i e  c o n s is te n tly  to  th e  
l e f t  of th e  b inary  l in e ,  i t  i s  c le a r  th a t  carbon has in c reased  the  
a c t iv i ty  c o e ff ic ie n t of s i l ic o n  by a la rg e r  amount than  would be th e  
case i f  carbon and s i l ic o n  were equ iv a len t on a mole f r a c t io n  b as is  
in  th e i r  e f fe c ts  on the  a c t iv i ty  c o e ff ic ie n t o f s i l ic o n .  Thus, in s te a d
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G
o f th e  s i l ic o n  equ ivalen t o f carbon, Ng^, being equal to  N^, i t  must
C ^
be equal to  x  N , where x i s  g re a te r  than  1.
S i
The value o f x  may be found from th e  slope o f th e  l in e  ob ta ined  
when i s  p lo t te d  ag a in s t IL . Before th e  te n ta t iv e  new a c t iv i ty
C
c o e ff ic ie n t curve fo r  th e  Fe-Si system had been d eriv ed , values o f  
were c a lcu la te d  from the p resen t r e s u l t s  using  th e  b inary  s i l ic o n  a c t iv i ty  
c o e ff ic ie n ts  of Chipman e t  a i  (22). When p lo t te d  ag a in s t th ese  
values o f showed a very la rg e  and unsystem atic s c a t te r .
Q
Although exact values o f can only be c a lc u la te d  i f  th e  a c t iv i ty
c o e ff ic ie n t curve fo r  the  Fe-S i system i s  known, an approximate trea tm en t
of th e  p resen t r e s u l t s  i s  p o ss ib le  since  they  show s i l ic o n  a c t iv i t i e s
w ith in  the  alm ost v e r t ic a l  p a r t  o f the amended a c t iv i ty  c o e ff ic ie n t
curve, fo r  which = 0 .34 . Approximate values o f  can thus be
obtained by su b trac tin g  th e  corresponding mole f ra c t io n s  o f  s i l ic o n
0
from 0 .34 . The values of obtained  from th e  experim ental p o in ts  in
th is  way have been p lo tte d  a g a in s t N in  F ig .28. I t  can be seen th a tC
th e  p o in ts  can be rep resen ted  f a i r l y  w ell by a s t r a ig h t  l in e  passing
G
through the o r ig in , o f  slope 1.9.Kg^ i s  thus equal to  1 .9  %*
From t h i s  i t  i s  apparent th a t  the a c t iv i ty  c o e f f ic ie n t of s i l ic o n  
in  both b inary  and te rn a ry  a llo y s  should be expressed by a s in g le  l in e  
when l o g ^  i s  p lo tte d  ag a in s t Wg^  + 1 .9  A ll th e  a v a ila b le  data
on s i l ic o n  a c t iv i t i e s  in  i r o n -s i l ic o n  and iro n -c a rb o n -s ilic o n  a llo y s  
haye been p lo t te d  in  th i s  way, to g e th e r w ith the  p re se n t r e s u l t s ,  on
F ig .29. The sources o f  the o th er da ta  used a re  as  fo llow s»-
0  3
0 2
0-1
0 0 80 - 0 4 0-12 0-16
Ne
FIG.28. SILICON EQUIVALENT OF CARBON IN F e - S i - C  ALLOYS
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(1) Three p o in ts  were c a lcu la te d  from com positions found ty  
Ghipman e t  al.(22) to  be in  equ ilib rium  w ith carbon and s i l ic o n  ca rb id e  
a t  1420, 1500 and 1600*G. The r e s u l t  ob tained  i n  th e  p resen t work a t  
1500^0 has elI s o  been p lo t te d , and shows a s l ig h t ly  la rg e r  value o f
+ 1 ,9  than  Chipman* s r e s u l t  a t  th e  same tem perature,
(2) A s in g le  p o in t was ob tained  from the s lag -m eta l data o f 
A rthu r(23) and T a y lo r(5 l) , by th e  method d escribed  p rev io u sly  (page }88 ) 
The use of th e  la rg e r  carbon c o rre c tio n  has made th e  proposed s i l ic o n  
a c t iv i ty  c o e f f ic ie n t curve fo r  th e  b inary  system even s teep e r in  th i s  
range than  was shown in  F ig .25 ,
( 3) A c tiv ity  values over a wide range of com positions were 
measured by O htani(50) a t  1540% , and th e  r e s u l t s  ob tained  a re  shown
in  F ig .29» I t  can be seen th a t  th e  r e s u l t s  fo r  carbon sa tu ra te d  a llo y s  
f a l l  w ith in  th e  steep  p a r t  of th e  a c t iv i ty  c o e f f ic ie n t  curve, and a re  
in  very good agreement w ith th e  p resen t work. The agreement in  th e  
case o f carbon-free  and non carbon sa tu ra te d  Fe-Si-C a llo y s  i s  no t 
so s a t is f a c to ry  in  th e  reg ion  near lo g  = -1 .5 ,  bu t otherw ise th e se  
r e s u l t s  a lso  support the  te n ta t iv e  conclusions derived  ftom th e  p re se n t 
work,
(4 ) Two r e s u l t s  were c a lc u la te d  from s lag  and m etal con^ositions 
found to  be in  equ ilib rium  a t  1600% by Fulton  and Chipman(2l). The 
s lag s were lim e-a lu m in a -s ilic a  con ta in ing  20 p er cen t alumina, so t h a t  
th e  corresponding s i l i c a  a c t i v i t i e s  could be ob ta ined  d ir e c t ly  from
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th e  measurements made in  P a r t I ,  Since th e  carbon monoxide p ressu re  
was 1 atmosphere in  Fulton  and Chipman* s experim ents, ,
and from th e  equation  fo r  given on page 84 , th e  value of i s  found 
to  be 1,55 a t  1600% , I t  i s ,  th e re fo re , p o ss ib le  to  c a lc u la te  th e
a c t iv i ty  of s i l ic o n  in  th e  m etal phase fo r  the  two con^ositions taken .
The two p o in ts  so obtained in  th e  p lo t  o f log  ^  ag a in s t Ng  ^ + 1 ,9  Nq 
l i e  very c lose  to  the  proposed a c t iv i ty  c o e f f ic ie n t  curve fo r  th e  
b inary  system,
( 5) Two slag -m eta l equ ilib rium  measurements were c a rr ie d  ou t a t  
1500% in  con junction  w ith the  p re se n t work(35). As w ith  Fu lton  and
Chipman* s experim ents, the  re a c tio n  s tu d ied  was
(SiQs) + 2C = 81 + 2G0  , „ , , ( l )
but in  th is  case th e  carbon monoxide p ressu re  of th e  re a c tio n  was measured 
in  order to  reach  equ ilib rium  more quickly  than  F u lto n  and Chipman were 
able to  do. The s la g  com positions were in  th e  range covered by th e  
measurements in  P a r t  I ,  so th a t  th e  value o f ag^ in  the  m etal could be 
ca lcu la te d  d ir e c t ly  using  th e  known value o f a t  1500% (0 ,135), In  
th is  case K = S i x ^CO  ^ # The two r e s u l t s  ob tained  in  th i s  way
 ^ ^SiCb
have been p lo t te d  on Fig* 29, and can be seen to  l i e  very c lo se  to  th e  
proposed a c t iv i ty  c o e ff ic ie n t  curve fo r  th e  b inary  system a t  th e  lower 
end o f the  steep  p o r tio n ,
(6) Chipman, F u lton , Gokcen and Caskey* s(22) r e s u l t s  have a lso  
been r e p lo t te d  on F ig , 29, The b inary  s i l ic o n  a c t iv i ty  curve has been 
rep resen ted  Isy a s in g le  l in e ,  which has a much f l a t t e r  slope than  th a t
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in d ic a te d  by th e  new s i l ic o n  carb ide d a ta . Agreement o f  most o f th e  
te rn a ry  a l lo y  a c t iv i t i e s  w ith th e  p re sen t data  i s  q u ite  good, although, 
a s  would be expected, the  curve tends to  slope in  accordance w ith the 
b inary  curve ob tained  by th e  same method a t  high s i l ic o n  a c t iv i t i e s .
Ebccept fo r  th i s  l a t t e r  s e t  of d a ta , which were ob tained  by th e  
s i lv e r  d is t r ib u t io n  method, a l l  th e  above r e s u l t s  when p lo t te d  a 
log  ^  a g a in s t + 1 .9  Ilg, show a very  s teep  curve in  the  range 
lo g  = -0 .2  to  -1 .5 . This means th a t  fo r  th is  wide range in  
a c t iv i ty  c o e ff ic ie n ts  of 0,6 to  0 .0 3 , th e  value of + 1 .9  Nq l i e s  
between 0.32 and 0 .37 , At lower s i l ic o n  con ten ts th e  p o s it io n  of th e  
curve i s  not so w ell e s ta b lish e d , Ohtani* s ( 50) E.M.F. measurements 
in d ic a tin g  higher values of lo g  ^  g^ than  do Chipman* s(22) d a ta .
At high s i l ic o n  con ten ts the  p o ss ib le  shape of th e  curve o f 
lo g  ^  g^ fo r  F e-S i a llo y s  i s  r e s t r i c t e d  by th e  f a c t  th a t  ag^ must always 
in c rease  w ith in c reas in g  s i l ic o n  content but can never become g rea te r  
th an  1 , This l im its  th e  log  ^  g^ curve as shown in  F ig . 29 a t  values 
o f above 0 .4 .
No tem perature e f fe c t  can be d is tin g u ish ed  by exam ination of the  
r e s u l t s  p lo t te d  in  th e  steep p a r t  of th e  a c t iv i ty  c o e f f ic ie n t  curve.
Some of th e  discrepancy which e x is ts  between th e  lo g  ^  values ob tained  
by Chipman e t  a l .  (22) and O htani(50) a t  low s i l ic o n  con ten ts may, 
however, be due to  the  d iffe ren ces  in  th e  experim ental tem peratures 
used (1420% and 1540% re s p e c tiv e ly ) . This i s  th e  d ire c tio n  of th e  
tem perature e f f e c t  p red ic ted  by th e  c a lc u la tio n s  of Chipman, F u lton , 
Gokcen and C askie(22). A s im ila r  in c rease  in  a c t iv i ty  c o e ff ic ie n t
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w ith tem perature would be a n tic ip a te d  a t  high s i l ic o n  con ten ts and th e  
curves fo r  log)^ a t  d if fe re n t  tem peratures may begin  to  d iverge aga in  
in  the reg io n  o f th e  s i l ic o n  ca rb id e  s a tu ra tio n  com positions, where th e  
curves appear to  tu rn  sharp ly .
While more exact trea tm en t of th e  a c t iv i ty  of s i l ic o n  in  Fe-Si-C 
a llo y s  must aw ait fu r th e r  data on th e  b inary  system the  trea tm en t given 
above i s  considered to  be approxim ately c o r re c t . The conclusions 
ob ta ined  d i f f e r  from previous work in  in d ic a tin g  a  sharp r i s e  in  th e  
value o f in  Fe-S i a llq y s  a t  about Ng  ^ = 0.35 and a s i l ic o n  equiv-
%a ie n t o f carbon of about 1 . 9 N q . I t  i s  o f in te r e s t  from a p r a c t ic a l  
p o in t of view to  consider v a r ia tio n s  in  the s i l ic o n  and carbon con ten ts 
o f  b la s t  fu rnace iro n  in  the  l ig h t  of these  conelusions.
From a co n s id era tio n  of th e  re ac tio n * -
(saCfe) + 20 = S i + 2C0 ....................( l )
i t  I'jould be expected th a t  th e  main fa c to rs  in  determ ining th e  s i l ic o n  
conten t o f b la s t  furnace iro n  would be the  s i l i c a  a c t iv i ty  of th e  s lag  
and th e  mean tem perature o f s la g  and m etal, s ince  th e  value of fo r  
th i s  re a c tio n  r i s e s  from 0.0178 a t  1425% to  0.135 a t  1500% , However, 
s t a t i s t i c a l  exam ination o f b la s t  furnace analyses has in  sev e ra l cases 
f a i le d  to  e s ta b lis h  any s ig n if ic a n t c o r re la tio n  between s i l ic o n  con ten t 
and these  two fa c to rs  ( 50) ( 5 l ) .  F lu c tu a tio n s  in  s i l i c o n  content do take 
p lace  but no reasons fo r  th ese  f lu c tu a tio n s  have a s  y e t been suggested. 
The r e s u l t s  o f the  p re sen t work suggest th a t  the  carbon con ten t 
o f b la s t  fu rnace iro n  has a considerab le  e f f e c t  on th e  s i l ic o n  a c t iv i ty
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c o e ff ic ie n t in  th e  m etal, and may hence have a la rg e  e f f e c t  on the  
s i l ic o n  co n ten t. The e f fe c ts  of th e  o ther co n s titu e n ts  on th e  carbon 
con ten t o f iro n  a t  s a tu ra tio n  are  known, and so the carbon s a tu ra tio n  
of b la s t  fu rnace iro n  may be c a lc u la te d . I t  i s  found th a t  in  
general th e  carbon content of b la s t  fu rnace iro n  v a r ie s  from 0.3 to
0.6  per cen t below sa tu ra tio n  a t  the p re v a ilin g  m etal tem perature. This 
d iffe re n ce  i s  m aintained a s  th e  tem perature i s  in c reased , so th a t  the  
carbon con ten t o f the iro n  in c re ase s  w ith tem perature.
The e f f e c ts  o f phosphorus, manganese and sulphur on the a c t iv i ty  
c o e f f ic ie n t  of s i l ic o n  a re  not known, but low-phosphorus p ig  iro n s 
should be approxim ately comparable w ith  Fe-Si-C alloys of carbon con ten ts 
about 0 .4  p er cen t below sa tu ra tio n . Using a m etal tem perature of 
1425% fo r  c a lc u la tio n , th e  com positions o f low and high s i l ic o n  iro n s  
o f t h i s  type a re  as fo llow s*-
Low s i l ic o n  iro n  0 .4  ^ S i 4 .4  ^  C.
High s i l ic o n  iro n  1 .1  ^ S i 4 ,2  % C,
The re sp e c tiv e  values of + 1 .9  fo r  th ese  two a llo y s  a re  0.343 and 
0,338, so t l ia t  both o f them l i e  in  th e  steep  p a r t  o f th e  a c t iv i ty  
c o e f f ic ie n t curve, and hence a re  in  th e  range in  which la rg e  changes 
in  s i l ic o n  a c t iv i ty  are  accompanied by q u ite  sm all changes in  +
1 .9  ]%,
The v a r ia tio n s  in  th e  value o f agj_ a t  equ ilib rium  which should 
be produced by th e  maximum v a r ia tio n s  in  s la g  com position and tem per-
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la tu re  l ik e ly  to  be met vdth in  p ra c t ic e  can be estim ated . For a s la g  
con tain ing  20 per cen t alumina, an in c re ase  in  lim e con ten t from 40 to  
48 p e r cent should be accompanied by a decrease in  s i l i c a  a c t iv i ty  from 
0 ,1  to  0 ,03 , and as was noted p rev io u sly  an in c re ase  in  ten p era tu re  
from 1425 -  1500%^ should produce a sevenfold  in c re a se  in  ag^ in  th e  
m etal i f  the  s la g  com position remains unchanged. These v a r ia t io n s  a r e ,  
o f course , much la rg e r  than  would be expected in  any s in g le  fu rn ace , 
where a v a r ia t io n  in  agj^ of the order of th ree  to  fo u r tim es might be 
expected. I f  th e  shape o f the te n ta t iv e  s i l ic o n  a c t iv i ty  curve derived  
in  th i s  work i s  c o r re c t ,  a change in  agj^ of th i s  o rder would be expected 
to  r e s u l t  in  only a small change in  Ng  ^ + 1 .9  Nq ,  and s in ce  the carbon 
con ten t o f th e  i ro n  i s  found in  p ra c tic e  to  in c rease  w ith  tem perature, 
a decrease of s i l ic o n  content w ith  in c reas in g  tem perature i s  not 
n e c e ssa r ily  im possib le . A poor c o r re la t io n  of s i l ic o n  content w ith  s la g  
com position and furnace tem perature i s  th e re fo re  to  be expected, 
e s p e c ia lly  i f  f lu c tu a tio n s  in  th e  carbon conten t o f th e  iro n  tak e  p la ce  
which a re  unconnected w ith th ese  f a c to r s .
Control o f th e  s i l ic o n  conten t of b la s t  fu rnace iro n  would thus 
be expected to  depend mainly on the  in te r - r é la t io n s h ip  between s i l ic o n  
and carbon in  the iro n . However, since the  mechanism of carbon and 
s i l ic o n  pick-up in  th e  b la s t  furnace i s  not known, no method i s  a t  
p re sen t apparent by which these  two v a ria b le s  could be a l te r e d  to  o b ta in  
th e  req u ired  s i l ic o n  co n tro l in  the  b la s t  fu rnace .
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